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SUMMARY AND CONCLUSIONS

Th.is draft env.ironmental impact statement.was prepared by the staff of the u' s' Nuclear Regula-

tory commission and irrr.o"'[v-ir,.-corrirriiiir'biii."-oiNuc]ear-Materia'r Safetv and safeguards'

'l. This action is administrative'

2. The proposed act'ion is the continuation of source Material License suA-917 issued to At'las

Corporation for'the operation 9I tl" Xif "t 
Ui"iti"-lliif.-in S"inJ-Co'nty' Utah' near l4oab

(Docket No. +o-t4sg).' This.authorir"!"i-606-ii:n-(+so-nT) 
'p!"-aiv-iiio" ieactr-circuit (for

recovery of vanadium as welt-ur.r"uniiti ;ti i"6od-ion (4sb-llrl irer dav alkaline'leach

;;;;;it" (io" otnt"-ores ' i ncl uding copper-beari ng ores ) '

3. Summary of environmenta'l impacts and adverse effects:

a,. The A,as mjl.l has been in operation since'1956. Impacts to the area during the

nearty ZO Veirs of operations have included:

.Alterationofapprox.imately200acres(B0ha)ofsagebrush-grasslandtom.ill.ing
activities,_inctiroingthetail.ingsstoragepon0.

.Increaseintheexistingbackgroundrad.iationlevelsasaresultofcontinuousbut
small releases of uran.iur,.iiirr, radon, etc., during mill operation'

.Soc.ioeconomiceffectsonMoabandothernearbyareaswhichhouse(orhave
frousea) workers from the mill'

.Extractionofapproximately33,Tg2tons(30,650MT)ofU306l'result.inginapproxi-
mately'e;iiiio["ionr (z.tr;iii;; Mii oi tiit ings material']

b. The mill site has been a'ltered from the natural.state by milling activities' continued

operation'oi'tiii-nlii! riir ^*uii"noi' ".qrit" 
tt'" ailtu"ruinte oi additional 'lands

beyond the approximateiy 200 "ir"t'ieo't'li 
p""ientrv-io*iit"a to the proiect' The

area devoied'lo ilre mill itse]i rorii-u"-;"iiai*ea'atier operations cease' but the

.llS-acre tailings area, under ;#;; ;;.1;;;ii;;-piuni, must be considered unavai lable

for further Productive use'

d.

Surfacewaterw.ill.notbeaffectedbynormaloperations',.Ii]jo"o."sswaterisre-
cvcled from the .u.,,.,ngi"pln;;-;;e ,i,ppt.n'int"h by withdrawa'ls ?rom the Colorado

River. Makeup *ut.",j!.a'ii-ir'l"iiii'iotuit-i2r-ipm (241'000 m3/vr)'

Therewi.llbenodischarge-of.|iguid.or"so.lideff.luentsfromthemillandtail.ings..
site. The discharge of iollutants .to 1,e'aii ;ii'i-;;-;*"ii and-the effects nesli'sible'

The estimated annual ;i"i;:;ili;na o"gun lJ!t'li'i'tiittnit to the population of Moab'

utah, are presented #ffi. -ilir;;i uuikgrirni iot"i itt.also presented for companson'

These dose estimates'il"l'uurli-i. p""itit;l'p"iriiii"i', in the'veir 1990' The popula-

tion dose commitments'lr" lo-no"*ul'opt"uiiin!"5i'irtt'ntiis miti represent onlv very

small increases in tne population raoiatiJi"loti-"ii"t'irom uactground radiation sources'

Annual Population Dose Commi.tments (man-rem/year)

to poi"iliiJn-or-io*n of Moab in the Year l9e0

Mil'l Effluents Natura'l Background

Total bodY

Lung

Bone

Bronchial ePithe'l ium

0.2

9

3

140

/5U

1 350

900

7500
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e' continued operation,of the Atlas mill requires the cqnmitnent of gnall amounts ofchemicals and fossil fuels relative to their abundance.

f. Continuation of the Atlas mill wi.l1 providebenefits for the regton.

Principal alternatives considered are:

g. A'lternative sites for the millb. Alternative mill processes
q. Alternative reclamation and stabil.ization plansd' Alternative of no action on 

""iiieniing or'eiiitng mi.'

J!firlitl?$HJ:l"tal, state, and local asencies have been asked to cqnment on this environ-

Council on Environmental QualityDepartnent of Cqnmerce
Departnent of the Interior
Departnent of Health, Education and WelfareFederal Energy Regulatory Cqnmisi.ion---
_ueparunent of Energy
Departnent of Traniportation
Envirorunental protection Aqencv
Departnent of Agricul ture
Advisory Council on Historic preservation
|gqqfqn"nt of Housins and Urban-Deu"iopn"nt
0ffice of the Governor, State of UtahState planning Coordinator, 

-5tit.-oi'utan
Departnent of-Agricul tui",'siui.-oi' uiunueparunent of Envirormenta.t Quality, State of UtahDepartnent of Game and Fish,'liii"',ir"utur,
Board of Cqnnissioners, eiJia-iJunar, i,,ur,

This draft envirormental impact
on Envirormental Qrality, aha-io

statenent was made available to the pubiic, to the Councilother specified agencies in Nou*u"i'igli.

ongoing employment and induced econqnic

4.

6

6.

7' 0n the basis of the analysis and evaruation set forth in this statenent, it is proposecl:jij,l|8,:.i:ft,:,;::;:.;;;*:rr:i",3;,*j*";;iXiJ,i,:,ilri'u",,uj".i;; i;.,ioiro"ins

a' If the applicant desires to raise the height of the tailings impoundment in the fu-ture, a separate request to amenJ *re touife NitJ"ili'ii.;;;. ;ifi.;;-r"qri""o. Anysuch construction must utilize methods_ihai-r"iiiirv-irr! satety criteria ot tne ruRc.b' The applicant witl establish an etnefgency,response capability to travel to the sceneof anv accident jlt:lyl.lq thipr"ni gi v"llq*ikl,-in"5"0"" to minimize rerease to theenvirorment an! to, recov6r an!' ipiri"a"v"iio*ir.i. "'ri! response. pran-wtii ie rorma.llyflil'i?lio;"':3#:i::: to nnd Jiprovat. n-v"i.iv 
"""i.ir" or this quick response

c' The applicant wi-lI minimize the problem of airborne particulates frorn the dried-upareas of the tair-inss pire !v anj/ or i"u".ui;;;;i; IJri-rrpp""rsion arternatives,including chsnical methods (use 6t-crus:ing agenisi or-srcr, physical.methods as keep-ins the pond surface *t in"orgn-iuif indi'iii;il;g"; liaio. watLr sprinkt ins, covering
;;riljl.,earth, or coverins ii-friur-otneii;;;:;;fi;tioi'rateriars, subject-io NRC

d' The applicant will implenent additional environnental monitoring.programs (Table 6.4)to determine backgrouird tuJiaiion-rates in_the riliritv""r the mill and to monitorchsnical seepase fron the tailinqs u."i. rn.-u;;ii;;;i shan eitautirt i".ont.o1 pro_gram that sha'll inctude written iiocedures..o-iiiirrliiion to contror an envirormentalmonitoring prescribed herein ina-siair p";r;;; i;;";;iiooi. management audits to determinethe adequacy of implanentation or iner"'"nuo"i-"ntit-'.Jntrors. The applicant shall:;;i}|i:. surricient records io iu"ni'r'-";;;;;;;';;"i*ii,un." with these envirormentar

e. Before engaging in any act_ivity not,evaluated. by the NRC, the applicant wi.ll prepareand record an envirormental eviluaiion of tu.r,-i.iiuiivl when the evaluation indi_cates that such activitvtuv 
""rrii in i signi'r;;;;i';;;."re envirormentar impact that

I
4

I

I

I

I

I

I

i

I
I



g.

h.

1.

iii

l,u#,*ffi:rqi'f':,.iii'*lifl..i"'Hll*"'lil'illlll'ii 
'l*ll'?',l[l':*,'l'i:il"-

ili",i,iiflir'tn,,, 
**i"i':*,Ll",*ii::i"::i':i'::"lii#lil'"''f;i":i?:i'i',#iefuture'

iliSll',tril*1;ti;$$$-1i:1*..";llil1tri#rn:F*:rij::liiilfr 

ffilt't:'rr.

;::"i':l::i":,-rll*r*r'i"3:'*:'"'lliiT'""andreclamationofthemilltailinssdis-

:::"ii*]'iltr:ll1"l"::l1e.for 
mil1 decsmiss'ionino and mil1 site rec'ramat'ion as

8. Position of the NRC:e 
tl,l+1,**-t*qtu
tllih::ltiri t;:i i:":*l "l,'il"'llii.

m*$ddd$nru**ut**tt*1'l,lf i*ffi
:il,l':xl'l?'?'.:

ffi * "g'#ilL3it",, *i, lffi*:l*i. $::?:"8:llT n' hil""l" 5 #L:: iix;;1il'l.ll 3l'I"lB :

1977 -

I

\



CONTENTS

;3irffffs AND coNcr us roNs
FIGURES &se

iTABLES
FOREI.JORD iv

vii1.1 INTRODUCTIoN

;.t Jl:, npplicant,s proposal, .z 
rbctckgfound Informatinn

r-l
t_t
1rt-l

I .2,aacksi5rij"ij,irJ.filiffi .] .

, ;:i:; ;ff;,"ijrrill::g^di:;:tre,; : :

^" 
i i, !i?tt {+;i*tl tl*+ti lf' Wil i 

; 
" :;:-:.:-','ols bY state A " e'sJ " 1-3xenewal Acti6ni--.. n9€ncies . . : : : : . . . . . . . . . t_3

. - ' ' l-3

:.3.1 rxiernai npo.u-:r.1.. rneMiltci".rlll."of ther'liit'.. "' ..:' 3-trts ..'.. ... ..:' 3_r. . . 
. 

3_l
3_l

1V



CONTENTS

3.2.3 Nonradioactive Wastes and Effluents
3.2.4 Radioact'ive l,Jastes and Effluents
3.2.5 Stabi.l .i zation ino nectamat.ion of the Mil l Tai lings Area

3.2.6 Mill Decommissioning
References for Section 3

4. ENVIRONMENTAL IMPACTS

4..l Air QualitY
4.2 Land Use

Resources

Pa ge

3-5
3-1 0

3-.l3
3-14
3-14

4-l
4-l
4-l
4-l
4-l
4-2
4-?
4-2
4-2
4-2

4 .2.1 Land Resources
4 .2.2 Hi stori cal and Archeol ogi ca1

4.3 Water
4.3.1 Surface Water
4.3.2 Groundwater

4.4 Mineral Resources
4.5 Soils " ':' '+ 

. s. i Fhys i cal Impacts
q.5.2 moir-naOiotogical Chemical Impacts

4.6 Bi ota
4.6. I Terrestri al
4 .6 .2 Aquati c

4.7 Radiological Impacts : : '.' :
4.7.1 Pre6perational Radiation Environment- --:.:^:4.i'., nalibiogicat Impacts from Routine 0perations
4.7 .3 ExPosure PathwaYs : :4 .7 .3 Lxposure HalnwdYs : : ' -' ,:
i.t.4 nabiation Dose Lommitments to Individuals

4-2
4-4
4-4
4-5

4.7.5 Radiation Dose Commitments
4.7.6 Evaluation of Radiologica1

to Populations :

4-5
4-5
4-6
4-6
4-7
4-9
4-9
4-10
4-.l0
4-l l

4-l I
4-l I
4-l I
4-1 1

4-12
4-12

Impacts on the Public

4.7 .7 OccuPational Dose
i'.i.4 niai6rogicat Impact on Biota other than Man
4 .7 .B Radi 0 logr ca I lmpacr orr D I u Ld v LrrE

4.8 Socioeconomic ImPacts : "-'.:
4.4.t Demography and Settlement Pattern
4.8.? Social 0rganization
4.8.3 Political 0rganization
4.8.4 Economic Organization
4 .8.5 Conc l us i on

References for Section 4

5. ENVIRONMENTAL EFFECTS OF ACCIDENTS-'S.f llliif Acc'idents Involving Radioactivity
5..l..l Trivial Incidents
5.1 .2 Smal I Releases .

5.1.3 Large Releases
5.2 Non-Radiologica'l Accidents
5.3 TransPortation Accidents

5.3.1 Shipments of Yellowcake .-:-:
S.Z.Z Shiirments of Ore to the Mil l :
5:3:a irribments of chemicals to the Mi II

References for Section 5

6. MONITORING PROGMMS

6..l Air QualitY
6.2 Land Use

6.3 Water
6.3..l Surface Water
6.3.2 Groundwater

6.4 Soi l s
6.5 Biota

6.5.1 Terrestrial

5-t
5-2
5-2
5-7
5-lI
5-.l3
3-lJ

5-13
5-1 5

5-17

6-l
6-l
6-l
o-J
6-3

A-?
6-3
6-9

6-3
6-3
6-3
6-3
6-36 .5 .2 Aquati c

6.6 Radiolog'ical -' : '-:.'^:,:^;^1.-.i 
"^.ri^"i^n'o"no"iri"'3.uTi"'i.lYjiiji."ii".'rnvironmental.Ridiolosical Monitoring Prosrams

6.6.2 Future rnuiron*eniul Radiological Monitoring Programs

References for Section 6

and Studies



vl

CONTENTS

7.- UNAVOIDABLE ADVERSE ENVIRONI{ENTAL IMPACTS7_.\ Ai r Qual i ty7.2 Land Use
7 .3 l.later

Page

7-1
7-1
7 -'l
7-l
7-1
7-1
7-1
7-2
7-2
t-t
7-2
t-z

7.3.2 Groundwater
7.4 Mineral n"iou"."t'::: -. ''''

i.3.1 Surface }Jater

7.5 Soils

7 .6.1 Temestrial
7.6 Biota

7.6.2 Aquatic
7.7 Radioloqical
7.8 Socioec6nomic

Impacts
Impacts

8. RELATIONSHIP BETWEEN SHORT-TERM USES OF THE
PRODUCTIVITY

ENVIRONMENT AND LONG-TERM

8. I The Environment
8.2 Society

9.^ .IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES9..l Land and Mineral .-. : 
-.-: 

. . .9.1..| Land
9.1 .2 uinerit : : :9.2 Water and Air
9.2.1 Water . . : :
9.2.2 Air -.--e.3 Biotic.::::"'
nar9.3. I Terrestrial
2.3;.2 nquaiii :. : : . : : : : : : : : :9.4 Material Resources

8-l
8-t

9-1
9-t
9-l
9-l
9-l
9-t
9-l
9-t
9-l
9-2

IO. ALTERNATIVES

]0.1 Alternative Sites
lg.2 Atternativeprocessei:.:::"' l0-l't0.3 Arternativer'rethodi-ioriuirinir'ilinig"reni:.::. "' l0-l

10.3.1 Introduction ..:.":":':'":": "' l0-l
10.3.2 Alternativei.::::::' lo-l

- 10.3.3 Evaluation or Atternitiu"r' l0-2
l0-4 Alternative Energy souil;":-. ' 10-3 i

10.4.1 Fossil and Nftte;r Fr"fr' : , ' ' 10-5

19.1.? Sotar,Geo.thermal,unJSvnir,etic'rueis':.: :''' l0-5
10.4.3 ByproductUranium...:::-.-.':-" " l0-8

-]0.4.4 EnergyConservation...:."' l0-8 (

"i5.;ii"iilii;lflU.Fj;i":'j':n'iron'oni'i'iing'r'riri ::::..:::::::: iit I

10. s.2 Social Impalt . . : : l0-9 j

ReferencesforSectioirr0::.::::.::.:::::.: l0-9
10-12 i.II. 

NRC BENEFIT-COST SUMMARY FOR THE ATLAS I.IILLll.1 General i

l!.? qri'iiiiiui"'e.onorii irpu.tr:::::::::::: 1l-l i

11.3 TheBenefit-CostSunmary"-:-:::... ll-l i

11.4 stari-RJieisment ..:: ll-l 1

I l_.1
APPENDIXES

APPENDIX A. C0MMENTS_0N THE DMFT ENVIR0NMENTAL STATEMENT ^ r IAPPENDIXB. BASISFORNRCEVALUAiIOTIOT-IHr-NITNSI-IiIT-i;NOPOSNT"::::::.:::: 
i:I ]APPENDIX C. DETAILED-RADIOLOGICAL ASSiSSI,IENT . . . ._. .': ."APPENDIXc-1. General*rariiiiiiiti;;--:":":::::: " c-l

APPENDIX c-2. Effective Di;il;;i;; ii.to"i i"" u_is8 : : : : c-2
APPENDIX c-3. Radionucrioe beposilion,-giseo on uono code- . c-4
APPENDIX c-4. Dose conunitm"niS-i"Jr-iitriiation, for selected nuoionr.ita.; ' ' ' c-5

- and Receptors .'- - ^--'----- 'rsvrvrrser rut)
APPENDIXc-s. Foodpathway--r.reai:::: c-10

c-l I



Location of the Atlas Mi l'l

FIGURES

n Southeastern Utah .

Page

1-2

2-3
2-6
2-11
?-13
2-15
2-16
2-18
2-21

Fi qure

t.l
2.1
?.2
2.3
2.4
2.5
2,6
2.7
2.8

3.1
3.2
3.3

4..|
4.2

5.1q2
5.3

5.4
5.5
5.6
5.7

6.1
6.2

Surface Drainage in the of the Mill Site
Subsurface Section Showing
Location of Test lrJells and
General i zed Strati graPhic
Approximate Distribution o

vement of Seepage from Ta'ilings Pile
oi'l Sample Borings
lumn, Moab, Utah'
Biotic Communities

t,lind Roses for Various Stab
Population within a l0-Mile
Truck Traffic Model

Diagram of Mi'11 LaYout
Block Flow Diagram of the

Solution Ba'lance for the A

Exposure PathwaYs

Failure in the Air Cleani
Fire in the Solvent-Extrac
Gas Explosion in Yel lowca
to Lungs
Tornado Damage: 50-Year

Ye l Iowcake TransPortation
Transportati on Accident

lity Periods, Atlas Mill Site
Radius of the Mill

the Area of the Mill
Area
in

lling Process
Vari ous Mi l 

'l
(wi th l'laterial s Balance)
dperations to Air and

3-2
3-3

3-ll

4-3
4-7

5-4
5-5

Radionuclide Dispersion fro
Groundwater at the Atlas Mi

as Mill

Commjtment to Lungs

Toxic Chemical Tank Fail Ammonia Release

System: So-year Dose Commitment to Lungs

oir Circuit: SO-year Dose Commitment to Bone

Drying 0peration: SO-year Dose Conmitment

cident: 50-year Dose Commitment to Lungs '
ng Uranium Oie Haulage: 50-year Comnitment

5-6
5-8
5-12
5-'14

5- 16
to Lungs

Existing Environmental Mon toring Locations
Future Radiolog'ical and -Radiological Monitoring Locations

6-5
6-8

vtI



TABLES

Table

2.1 Joint Frequency of Average |.,lind speed and Direction for the Atlas M.ill
Moab, Utah, November 1974 through May 1975, with 2.7% caln Distributed

Page

2-2
2-2
2-5
2-5
2-5
2-7
2-7
2-B
2-B
2-9
2-9
2-20
2-23

3-4

2.2

2.4
2.5
1.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13

3.1
3.2
J.J
3.4
3.5
J.O

4.1
4.2
4.3
4.4

4q

46

in the Table
Median and Extreme Precipitation at Moab,
Population of Moab and Grand County, Utah
Population Projections for Grand County, l980-2000
Visitors to Arches and Canyonlands National parks, 1974-lgls
Total Visits to Manti-La Sol National Forest, l971- l975
Enrollments for Grand County School District
0il and Gas Productjon for Grand County, '1975

Expenditures - Canyonlands Annual , 1974-1975
Largest Employers in Grand County, 1976
Per capita Annual Income for Grand county and the state of utah, l9z0-]975
Total Acres Occupied by Various Ecosystems near the Ailas Mill
Fish species Known or Likely to 0ccur in the colorado River near Moab

Estimated_Daily Consumption of Chemicals and Reagents
Gaseous Effluents
Airborne Particulate Emissions
Typical Product Analysis
Sources of Mill Liquid |rJaste
Expected Composition of Liquid in the Tail.inqs pond

Acreages of Soils Disturbed at the Ailas Mill Site
Sample Analyses, September 1977
Vegetation Disturbed by Construction of Atlas Mill
Annual Dose commitments to Individuals from Radioactive Releases

Utah, I 889- I 956

from the Atlas Mill
Annual Population Dose Commitments to Population of Town of Moab

ooiu'corri ir"nit ' 
to Individuals with Radiation

3-6
3-7
3-B
3-B
3-9

4-3
4-4
4-5

4-8

4-9in the Year .1990

Comparison of Annual
Protect'ion Standards

!..! Summary of Accidental Tailings Slurry Releases,5,2 Concentrations of Radionuclides and Chemicals in
r 959-r 971
the Ta i I ings Pond

4-10

5-9
5-10

6.1
6.2
6.3
6.4

10. I.l0.2

10.3
.l0.4

10.5
10.6
10.7

10.8

Pre-App1 ication Water Monitoring Programs
Pre-Appl ication Environmental Radio1ogical Mon.itoring program
Levels of Radioactivity in the Environment
Future Radiological and Non-Radiolog.ical Monitoring program

Costs of Tailings-Management Alternatives
Reserves and Current Consumption of Energy Sources
Estimated Relative changes in Resources to be Used for Generation of
Projected Energy Requirements
Uranium Requirements
U. S. Uranium Resources
Projections of Economic and Demographic Impacts of Non-Relicensing . . . .
Basic.Employment Assumption summary for the southeastern Multi-colnty
District Fol lowing Non-Rel icensing
Impact to school-Age Population and reaching staff under Two scenarios .

o-l
6-4
6-6
6-7

t0-3
I u-b

I 0-6
10-7
t0-7
l0-10

'10-t I
l0-12

vl t1



FOREtlloRD

Thjs draft environmental impact statement is issued by the U. S. Nuclear Regulatory Conrmission

(flnil, Otii.. of Nuclear Materia'l Safety and Safeguards, i1 response to the_request by Atias
iorp6ration for the renewal of NRC (AEC) Source Miterial License No. SUA-917' authorizing
ioniinuea operation of the Atlas Minerais Uranium Mill. This draft statenent has been prepared

in accordance with Commiision regulation l0 CFR Part 5.|, which implements requirements of the
Natjonal Environmentai policy Aci of .l969 (NEPA). The mil'l is owned and operated by Atlas
Minerals, a division of the Atlas Corporation.

The NEpA states, among other things, that it is the continuing responsibility.of the Federal

Government to use a1l'practicable-mians, consistent with other essentia'l considerations of
niiionuf poljcy, to imirove and coord'inite Federal plans, functions, programs, and resources to
the end that the Nation maY:

. Fulfi'll the responsibi'lities of each generation as trustee of the environment for
succeeding generations.

. Assure for all Americans safe, healthful, productive, and esthetically and culturally
pleasing surroundings.

. Attajn the widest range of beneficial uses of the environment without degradation'
risk to hea'lth or safety, or other undesirable and unintended consequences.

. preserve important historic, cultural, and natural aspects of our national heritage,
and ma.intain,-"h.r"u"r possible, an environment which supports diversity and variety
of individua'l choice.

. Achieve a ba'lance between population and resource use which will permit high standards

of living and a wide sharing of l ife's amenities'

. Enhance the quality of renewable resources and approach the maxjmum attainab'le re-
cyc l i ng of depl etabl e resources .

Further, with respect to maior Federa'l actions,significantly affecting.the-quality.of the human

.nui"onri'.nt, Section 
.102(2)iC) of the NEPA calls for preparation of a detailed siatement 0n:

(i) the environmental impact of the proposed action'

(ii; any adverse envjronmental effects which cannot be avoided shoutd the proposal be

imp] emented '
(iii) alternatives to the proposed action'

(iv) the relationship between local short-term uses of man's environment and the maintenance

and enhancement' of long-term productivity' and

(v) any irreversible and irretrievable commitments of resources which would be involved in
thi proposed action shou'ld it be 'imp'lemented.

pursuant to l0 cFR 5.l, the NRC Division of Fuel cyc'le and Material safety prepares a detailed

statement on the toreioing Considerationi niin'"."tpect to each applicatibn for a source material

license for a uranium mill'

In accordance with l0 CFR Part 40, Section 40.31, the applicant has submitted an environmental

report to the NRC for iiCeni" renewal ani related rederii actions. In conducting the required

NEPA rev'iew, Conmission ""p""t"nluiiu"t 
(tiitij-met.with the.ap-plicant to. discuss^items of

jnformation in the environmental report,'io-i"6r iaaitiona'l inibrmation that might be needed for
an adequate assessment, and genera'lly-to ensure that the Conmission has a thorough understanding

of the project. rn-iiiiiion,-ine stitt toughi-iiio*aiion from other sources to assist in the

evaluation, conducted field inspections oi-itre pi;oii.i site and surrounding area, and met with

1X



State and local officials charged with protecting State and loca'l interests. 0n the basis ofthe foregoing activities, and other such actjvities or lnquiries as were deened useful andappropriate, the staff, has_made an independent assessment of the coniia""iiioni ipecitieo inSection 102(2)(C) ot the NEPA.

That evaluation has led to the issuance of this draft environmental statement by the 0ffice ofNuclear Material Safety and Safeguards. The statement has been distributed to Federal, Stateand local governmental agencies, and other interested parties, for cormini. 
-n,unnary 

noticehas been published in the Federal Register regarding tire avaiiabiriti oi irre.ppiilont's environ-mental repont and this draft environmental stitemeni. commtnts shouid ue iaariiseo to
Director, Division of Fuel Cyc'le and Material Safety
U. S. Nuclear Regulatory Conrmission
Washington, D.C. 20555

After corments on the draft statement have been been received and considered, the staff willprepare a final environmental statement that includes discussion of questioni ina ionrnentssubmitted by reviewing agencies or individuals. Further environmental consideriiions are madeon the basis of these comments and combined with the previous evatuaiion; ite-ioiii environ-mental costs are then .evaluated and. weighed against tire environmental, eionorii, 
-iectrnicai, 

anaother benefits to be derived fron the pioposed project. The considerition oi ivaiiaure alterna-tives and environmental costs and benefits providei a basis for denial oi upp"ovij'of thevarious Federal actions, with appropriate conditions to protect environnentai values.

single copies of this statement, NUREG-0341, may be obtained by writing:

Division of Document Control
U. S. Nuclear Regulatory Cormission
Washington, D. C. 20555



I. INTRODUCTION

1 .'I THE APPLICANT'S PROPOSAL

Pursuant to Title .t0, 
Code of Federal Regulations (CFR) Part 40, Sections 40.31 and 40.32(e)'

and to l0 CFR Part 5i, Atlas Corporation on 31 August 
.|973 

appl'ied to the Nuc'lear Regulatory
Corriision (nnC) fo. ienewal ot tlnC Source Materiil License No. SUA-917, authorizing continued
operation oi tt6 Atlas Minerals uranium processing mill (Atlas) for a five-year-period. The

mitt is curyently operating under the timely renewal provisions of Section 40.43 of 10 CFR

Part 40.

1.2 BACKGROUND INFORMATION

1 .2.1 Present Mi I I i ng 0perati ons

The Atlas uranium mill is located three miles (5 km) northwest of the city of Moab in Grand

County, southeastern Utah (Fig. l.l). The plant property is bounded by the Colorado River and

U. S.-Highway 163, and extdnds across Utah Highway 27.9 on the west and southwest side. The

pioperty"coniists-of approximately 400 acres (tOO na), of which the mill site and tailing area

bresentiy occupy approximately 200 acres (80 ha).

Since its start-up in 0ctober 
.|956, the mill has processed ores from the Big Indian area and

from small private mines from other districts. During the period of 1956-1972, the number of
independent'shippers has ranged from about 20 to 70, and the m'ill is the only processor avail-
able within reasonable trucking distance of many of these mines. The main ore bodies producing
ihe piesent high-1ime mill feei are approaching-exhaustion. Atlas has recently discovered and

acquired deposits of uranium- and vanadium-beaiing ore that are wjthin economic shipping dis-
tarice of thb mill. However, the ore cannot be processed in the existing.alkaline-leach circuit,
because the vanadium conteni would be lost. The new acid-leach circuit (replacement for one

destroyed by fire in l968) is designed for a nomina'l 600 tons (545 MT) of vanadium-bearing ore
each day.

These ores assay about 0.25% uranium oxide (UgQs) and'1.5% vanadium_oxide (Vz0s). Recoveries of
Vros and Uqon will be about B0% and 96%, resp6ciively. The original acid circuit cou'ld process

4bO-tons/diy-(360 MT/day) of vanadium-bearing ore.

The existing alkaline-leach circuit was originally designed to process.l500. tons (.l400 MT) daily
of high-1im6 and copper-bearing ores, altholgh ae-ptetion of the ore bodies has forced reduction
of th6 processing rate. The m6difications pioposbd for this circuit will permit Atlas Minerals
to retain its custom milling capability for private mines producing alkaline ores while economi-

ca11y phasing out the compaiy mines producing such ores. Most of these ores assay at 0.20% to

0.25-% iJ308, lnd some contiin-up to 1.0% copp6r. Recovery of U30s will be about 94%; recovery of
copper will be about B0%.

The daily average operating rate of 600 tons/day (545 MT/day) acid-leach ore and 600 tons/day

tSqS Mfl"alkaliie-lbach o16 are expected to yieid'the following concentrates from the modified
facility:

92.1 tons (836 MT) U306 per year [526 (477) from the acid-leach circuit]
2628 tons (2376 MT) V205 Per lear
55 tons (50 MT) copPer Per Year

The tailings and other solid wastes (approximately 1200 tons or'1090 MT-per day) will be added

to-tfre e*iiiing tailingi-storage. nitii is continuing its_ore exploration program; new dis-
cover.ies, o. aiditionui purchaies, could extend the piant life, which is currently estimated at
l5 years.

The Atlas mill has been in operation for approximately 20 years, and many of its initia1 short-
term adverse environmental iinpacts have beiir compensaied for, e.g., certain socioeconomic

iicioii, siting selection, anb land disturbance.' Accordingly, the scope of this review gives
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greater weight to current operating experience and to those data that will enable a determina-
tion of ongoing environmental effects and their mitigation.

1.2,2 Proposed Changes in Millinq 0perations

The applicant is modifying the existing Atlas mill facilities in the following manner:

l. Construct an acid-leach processing circuit to replace the uranium-vanadium circuit
destroyed by fire in December 

.l968. (Complete.)

2. Revise the existing alka1ine-leach processing circuit to reduce liquid effluents to
the tajlings pond. (80% complete.)

3. Eliminate direct d'ischarge of any eff'luent streams into the Colorado River by:

a. Redesigning the plant processes to maximize recycling of mill solutions.

b. Disposing of the sludge from the river-water treatment plant in the tailings pond
instead of the river.

c. Evaporating excess liqu'id that may accumulate in the tailings pond. If necessary,
an additional holding (evaporation) pond will be provided for the evaporation of
excess 1iquid.

(Discharge to Colorado River stopped in July 1977.)

I.3 FEDERAL AND STATE AUTHORITIES AND RESPONSIBILITIES

Under l0 CFR 40, an NRC license'is required'in order to "receive tjtle to, receive, possess,
use, transfer, de1iver... import,.. or export... source material ...." (i.e., uranium, and/or
thonium in any form, or ores containing 0.05% or more of uranium, thorium, or combination
thereof). l0 CFR Part 5l provjdes for the preparation of a Detailed Environmental Statement
pursuant to the Nat'ional Environmental Policy Act of 1969 (NEPA) prior to the issuance of an NRC

license to authorjze uranium mi lling.
The NEPA became effective on i January 1970. Pursuant to Section 102(2)(C) of the Act, in every
major Federal action significantly affecting the quality of the human environment, Federal
agencies must include a detailed statement by the responsible official on:

l. The environmental impact of the proposed action.

2. Any adverse environmenta'l effects which cannot be avoided should the proposal be
impl emented.

Alternatives to the proposed action.

The relationship between local short-term uses of man's environment and the mainte-
nance and enhancement of long-term productivity.

Any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it be implemented.

STATUS OF REVIEI,IS AND ACTIONS BY STATE AGENCIES

mill has been operating with the following permits and agreements:

'1. Water allocation permit Eranted by the State of Utah.

2. Limestone lease and mining rights granted by the State of Utah.

3. Letter of agreement (dated 24 June 
.1971) with the city of Moab for disposal of the

mill's nonradioactive sanitary waste at the city's sewage disposal plant (ER). (See
also Sec. 3.2.5.)

4. Simple agreement with a private corporation (Phillips 66, by letter of 15 December
1972) for disposal of used lube oils and grease (ER). (See atso Sec. 3.2.5.)

?

4.

1.4

The
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'I.5 
NRC MILL LICENSING RENEIIAL ACTIoNS

In June 
.1976, the NRC stipulated that all operating uranium mills that had not yet received a

full NEPA review, and for which Environmental Statements had not yet been prepared, would
receive this review as part of their source material license renewal procedure.r This Environ-
mental Statement constitutes the first environmental analysis of the Atlas milling operations.
Data for the analysis have been sought by the NRC staff from a variety of sources that include
site visitation, oral and written statements, testing and sampling reports, published literature'
and documentation supplied by the applicant. In accordance with NRC Guides 3.5 and 3.8' Atlas
Corporation submitted a Source Material License Application (SML, Form AEC-2), an Environmental
Repbrt (ER, dated 31 August 1973),*2 and supplements to the ER in response to questions by the
NRC staff.

In its June l976 statement,I the NRC specified that applicants requesting a license renewal
prior to the issuance of the NRC generic environmental impact statement on the Commission's
uranium milling regulatory program (in progress) should address five factors that will be

weighed and balanced by the Commission in its relicensing decisions. The following corments
address each factor as it applies to the Atlas mill.

'1. It is likely that each individual licensing action of this type would have a utility
that is independent of the utility of other ficensing actions of this type.

This statement is true for uranium mills in general, inciuding the Atlas mill. The
mill is located in a region which has sources of ore, and is independent of other
milling operations.

2, It is not likely that the taking of any particular licensing action of this type
during the time frame under consideration would constitute a commitment of resources
that would tend to significantly foreclose the alternatives available with respect to
any otheri ndividual l icensing act'ion of this type.

None of the materials involved in the operation and modification of the mill is unique
or in short supply. The relicensing would not affect a licensing action with respect
to other new or existing mills.

3. It is likely that any environmental impacts associated with any individual licensing
action of this type would be such that they could adequately be addressed within the
context of the individual license application without overlooking any cumulative
environmental imPact.

This environmentai statement contains an evaluation of environmental impacts associ-
ated with the proposed licensing action, and their severity, and includes requirements
for monitoring programs and other actions to mitigate the impacts. Cumulative impacts
have been addressed within the context of the individual license. Long-term effects
of the tailings impoundment will be evaluated in this site-specific environmental
statement and wil'l also be evaluated in a forthcoming NRC generic environmental state-
ment. The major objective of the generic statement is the generation of proposals to
mitigate such impacts.

4. It is likely that any technical issues that may arise in the course of a review of an
individual license application can be resolved within that context.

The staff has reviewed the applicant's evaluations and, in addit'ion, has evaluated
other technical issues. All of these evaluations and, presumably, any further tech-
nical issues which may arise during review are resolvable within the context of the
individual licensing action, inasmuch as this mi'll 'is independent of other mills. In
addition, the licenie will be conditioned as requ'ired by the June 

.l976 statementl to
permit revision of waste generation and management practices' etc.

5. A deferral on licensing actions of this type would result in substantial harm to the
public interest as indicated above because of uranium fuel requirements of the oper-
ating reactors and reactors now under construction.

*Cited hereinafter as the ER, giving specific section or page number, etc.
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As stated in the June 197p statementl by the NRC, "the full capacity
mills wr'll be required to support presently operating nuclear power
expected to begin operatifn in 1977.,, Therefore, a ieduction in the
of yellowcake by the Atlaf mill at its present rate is considered topublic interest. (See alfo App. B.)

pare a Generic Environmental
30-31, June 3, .|976.

nium Mil1, Moab, Utah, Atlas

Impact Statement," Federal

Minerals, Division of Atlas

References for Section 'l

l. "Uranium Milling, Intent to
Register, Vol. 4.|, No. .|08,

2. "Environnental Report Atlas
Corp., August 31, 1973.
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2. THE EXISTING ENVIRONMENT

2.1 CLIMTE

2.1 .1 Genera l Influences

The c.limate of southeastern Utah is dominated by a sem'i-permanent dome of high pressure located

over Nevada and soutnern Utah. consequentiy, aL"p storm centers--with attendant frontal sys-

tems, strong winds, and heavy.precipitation'--,eiOb,n.pass througf' tf't ut"u' The climate is semi-

arid: the mean annual precipitation it a.)-inin.t tlo-itif iniuat snowfall is about 6 inches

(15 cm). Precipitation"ir-.i"n!v 9i:l"i!y!to it'io'rit'o'! !n:-I:ut' Suruners are hot' with

frequent maximum t"*plruiur.i-ofroo;r (s{i;c); wint6rs are moderate' with an infrequent minimum

temoerature of OoF (-.l8"C)'I

2.1 .2 l,li nds

The prevajling wind direction is westerly to southwester'ly' with co'ld air drainage under very

stable conditions from the southeast. nu.tig.-*in]i-ipt"ii are quite low' Onsite wind speed

inO-winO direction characteristics are given in lable z' l '

The local topography strongly influences micrometeorological .conditions at the site' Moab

va11ey would be expected to serve u, u.oi'i".lion-oasin"for downslope drainage air' resulting in

near-calm conditions for the early mornin;';il;;] 
-itre dilution of airborne contaminants from

normal operating releaies-i, O"t"itineO Oi tf'"'io.ui 
"inO 

field subsequent to the release'

F.iqure2.]sunrnarizesthebivariatefrequencyof.wind.spegg_lldd.irectionasafunct.ionof
paiquill stabifitV, wfrici 

"ui-O"i"itine,i 
UV-uuitica'l temperatuie qradients' classes A throush C

represent a compositi'oi ,niiuui. p..toori'.il;;;;-D,-i,'i,-and G represent neutral ' slightlv

stable, stabte, and extremely stable.onoitioii,=r"tp".iirirvl- ituu\" conditions result in high

concentrations from ground-1evel releases:";il";";-;;iniipariv due to cold air drainage down the

canyon (SAR, sec. 2.2.2).

2.'l .3 Preci Pi tat ion

The average annual precipitation at Moab is 8.2 inches, but relatively large annual variations
.in monthly and seasonii ioiir, take p1ace. iiur. z.z iists tonittty miroian, max'imum' and minimum

prec.ipitation values at Moab.2 Potentiaf'evaporation exceeds-precipitation' averaging approxi-

inately 60 inches Per Year.J

2.1 .4 Storms

,,,,inter storms--with attendant snowfall, low temperatures,-and hiqh winds--are rare' Tornadoes

are also rare, ano those that huu. o..r..l;;il;;-il u"-tttt deitructive than those farther

east. No tornadoes-i'';;; ba;t noted wittrii'So-tiii"t-ieo-rtti or ihe site since 
.l950'a

2.2 AIR QUALITY

Background data on air quality i1.the Moab region are.'lacking' Baseline monitoring has begun at

the s.ite, and the actual air quality of itr" rit. can be better evaluated when these data become

avai lable.

At present, data from Huntington qanygl, Utah lappr.oximately l20 miles (200 km) northwest of

Moabl are being useJ to ctraricterize the.it'qiiiit, oi.ttre reqion's No maior pollution sources

exist between Huntington Canyon and the tii..--i'ipi'nded partiiulates at Huntington average

about 25 us/m3, o" l:,i"or-int-naiionut tiinii.a;-iliiui oliaes averase less than l0% of the

nationat standards.--ir,ri, 
-ii 

upp"u". tiii'irrir-ii.-quitity in-tne ar6a is presentlv quite good'
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Table 2..|. Joint Freq.uengy 9f Average Wind_Speed and Direction for theA'as Mill site, Moau, utah, M;;m6;; rsia-ihr;ug[ rniv"ig)s,with 2.7% Calm Distributed in tne riuiea 
''r '-.

Di rection 4-60-3 7-ll Tota l
N

NNE

NE

ENE

E

ESE

SE

SSE

s

sslt

S}l

t.lst.l

H

l.lNl.l

Nl.l

NNE

1.5

0.7

0.6

1.3

2.4

2.6

3.3
5.1

6.0

2.9
2.1

2.3

2.6

1.2

1.2

0.9

36.7

0.8

0.5

0.2

0.6

0.9
1.6

l.l
1.9

2.9

2.0

2.2

2.2

3.1

1.5

l.l
1.5

24.1

0.4

0.1

0.0

0.0

0.7
1.7

1.5

0.8
1.2

1.4

2.5

4.2

3.8
1.8

0.8
1.0

21.9

0.0

0.0

0.0

0.0

0.5
3.8

3.0

0.9

0.9

0.3

1.6

3.9

1.4

0.7

0.3
0.0

17.3

2.7

1.3

0.8

1.9

4.5

9.7

8.9

8.7

t't.0
6.6

8.4

12.6

10.9

5.2

3.4

3.4

aData from SAR, Table 2.2-7.

Table 2.2. t4edian and. Ex.treme precipitalion (in inches)at Moab, Utah, 1889-i956a

Month Median llaximum (year) l.linimum (Year)
January

February

March

Apri I
May

June

July
August

Septernber

0ctober
November

December

Annual

0.48

0.60

0.68

0.80

0. 55

0.32

0. 48

0.79

0. 56

0. 83

0. 65

0. 66

8.48

3.52 l9t 6

2.50 1927

2.76 1912

2.78 I 9t 7

2.28 t905

2.35 1927

6.63 I 91 I
2.62 1947

5.97 1896

4.40 t94l
1.98 1928

5.75 t915

15.96 1\27

0

Tb

0

0

Tb

0

0

Tb

0

0

0

0

3.02

l9l9
I 933
'1934

I 939

l91l
r 954
't954

I 950

I 953

1952

1932

I 930

| 956
aFrom_ 

"Cl imatot ogiJ Sunmary, _lrloaO, Ut.n,ffi
*for 

period 
1 926:r 955,' u. 

-s".'oeiil'oi -Eotir"".", 
tteather Bureau.bTru.. (amount too small to rnasure).
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DATA PERIOD: 27 NOVEMBER 197.r
THROUGH 31 MAY 1975

2.1. Wind Roses for Various Stability Periods, Atlas Mil1 Site (from SAR, Fig,2.2-3)
(arrows represent direction from which the wind b'lows).
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2.3 TOPOGRAPHY

The mill is located in the northernmost extension of Moab Valley, just below the mouth of Moab
Canyon. The Moab Valiey floor is at a 4000-ft (.l200-m) elevation. Cliffs on the western border
of the mi11 property rise abruptly for 1000 ft (300 m). To the north and east are 500- to 600-ft
(150- to .|80-m) high barren sandstone formations. Immediately north of the mill is the southern-
most boundary of Arches National Park. The Colorado River crosses the northwest end of Moab
Va11ey at approximately right angles, flowing in a southwesterly direction.

2.4 DEMOGRAPHY AND SOCIOECONOMIC PROFILES

2.4.1 Demography of the Area

2.4.1.1 Current Population and Distribution

The Atlas mill is located in the south-central portion of Grand County, a sparsely populated
area with a density of 1.8 persons per square miie.6 Most people reside in Moab, the County
Seat, located 3 miles (5 km) southeast of the mill. Moab js the major city of the region, and
serves as the trade area for over .|5,000 people.

Both Moab and Grand County experienced rapid population growth between 
.|950 

and 
.l960, 

due to the
uranium boom and the establishment of the Atlas mill;/ however, the population stabilized after
this period of growth (Table 2.3).

Grand County has experienced declining population (-2.8%) within the last few years--a problem
common to many rural areas, The outm'igration appears to have occurred in outlying areas, as
Moab's population has remained relatively stable.

The population within a lO-mile (.l6-km) radius of the mill is located principally in Moab and
the incorporated area surrounding the town (see Fig. 2.2). Fewer than 50 persons work and
reside permanently at Arches National Park.

2.4.1.2 Projected Population and Distribution

Population projections for Grand County have been made for two scenarios. The minimum growth
projection assumes no additional factors operating within the economy, gradual decline in mortality,
and then constant fertility and net in-migration. The second scenario reflects plans for energy
development, expansion and resulting changes in migration and birth rate trends. These projec-
tions are presented in Table 2.4.

Three-fourths of the county's population currently reside in Moab (Tab1e 2.3 and Fig.2.2).
Because Moab is the only urban center for the area, and provides various municipal services, it
can be expected that this pattern of population concentration within the city limits will con-
tinue in the near future.

In summary, the population of Grand County will probably increase over the next 20 years, with
three-fourths of the county's res'idents fiving within a ten-mile (.l6-km) radius of the Atlas
mill.

2.4.1.3 Transient Population

Grand County and the surrounding counties offer recreationa'l opportunities that draw many tourists
to Moab. Arches National Park, which is entered l.S miles (2.8 km) northwest of the Atlas mill,
was visited by approximately 

.|93,000 people in fiscal year .|975. 
Canyonlands National Park is

also within the surrounding area. Statistics on pub'lic use of these parks are given in Table 2.5.

Manti-La Sal Naitiona'l Forest, located within an easy commuting distance, is another heavily
visited tourist area. Table 2.6 lists the number of visits for the past five years.

0ther attractions, such as Dead Horse Point State Park, Fisher Towers, and the Colorado River,
draw many peop'le to the Moab area. In a reports published by the Institute for the Study of
0utdoor Recreation and Tourism, a regional analysis of lltah non-resident motor vehicle tourism
was conducted for Grand and San Juan (located directly south) Counties. These counties, which
form the Canyonlands regjon, were visited by approximately 

.l,900,000 individuals from June 
.|974

to May l975. Tourist visitors to the region spent an average of 0.6 nights, or one-third of
their total Utah stay, in the region. 0f those who stayed overnight in the region, .|3.55%, 

or
?55,187 people, stayed in Moab.



Table 2.3.

Moab

Grand CountY

Percent f iving in Moab

L-J

ation of Moab and Grand County' Utah

o

I 940 1 950 1 960 1970 1975

4793 4810*

6688 6500*

72% 74%

1274

I 903

67%

468?

6345

74%

*Estimates.

Source: "Environmenta'l Work

iion," U. S. ArmY CorPs of E

- Moab. Utah, Partnership Investiga-
Sacramento, Ca'lifornia' March l9lo'

Population Proiections for
CbuntY, '1980-2000Tab'l e 2.

Year

I 980

I 985

I 990

I 995

aY. Kim,
Sex for U

tion Re

vers i tY 'b"southeas

I 976, u

216,200
188,000

60,500
6'l ,700

1 084

?070

52%

ng PaPer
o i neers,

, Utah.

tional
of the

21 8 ,500
I 93 ,'l 00

29 ,900
33, o0o

32,700
28,300

Lowa Hi 9h

5l 64

5390

7,978

9,270

5668 9,880

6078 '10'239

oou'lation Projections bY Age and

i'n-counties, 1970-2000," Popula-

"ln-liuo"at6rv, 
utah state uni-

ern Utah Coal DeveloPments -
iireastern Utah Association of
, August '1976.

Table 2.5. Visitors to s and Canyonlands National Parks' '1974-19754

Recreati Non-recreational Total Overnight StaYs

Arches
Fi scal 'l974

Fi scal 'l975

Canyonl ands
Fiscal 1974
Fiscal 1975

2400
4300

asourcet "Pub'lic Use of the

- 60'500
- 6'l 

'700

part System: Fisca-l-Yqar Report'1975"' National

Interior, 0ctober 1975'
Park Service, U. S. Depar
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Fig. 2.?. Population (.|970 Census) within a(from SAR, Fi9. 2.1_5).
'| 0-l4i le Radius of the Mil l
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Table 2.6. Total Visits to
l{anti-La SaI National

Forest, |97'l-I9754

I

I
'|

I
'|

2.4.2 Socioeconomic Profiles

2.4.2.1 Social Profile

Over the 16 years of its operatio
cormunity. Its employees live in
while the mill is part of the are

: Forest Service, United
tates Department of Agricul-
re, Washington, D. C.

, the Atlas mill has becone integrated into the surrounding
the area and are a part of its social and economic structure,
's economic infrastructure.

I

2

73

74

Vi si ts

I 98,400

2l I ,800

1 82 ,400

I 78 ,400

176,100

Education

The Grand County School District,
middle school, and one senior hi
also provides the Moab Area Vocat
rent and estimated enrollments a

Southeast Elementary

Helen t''1. Knight El

Grand County tliddle
Grand County High School

C. R. Sundwall Center

having offices in Moab, comprises two elementary schools, one
school, with a 1976 total enrollment of 1826. The District
nal Center, which assists multi-handicapped children. Cur-
listed in Table 2.7.e

Table 2.7. ro'llments for Grand County School District

Schoo'l I 970 I 975 1975 1977*

640

505

451

392

l0
I 998

415

350

450

560

l5
1790

419

401

430

565

ll
1826

427

409

438

576

l3
1863

*Estimated.
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Southeastern Utah Center for Continuing Education, a division of Utah State Unjversity, is
located in Moab. Students attending classes at the Center can earn baccalaureate degrees in
specific subject areas. For the Fall 1976 term, 353 individuals registered for both credit and
noncredit courses at the qraduate and underqraduate levels.t0

Health Facilities

Allen Memorial Hospitai, located in Moab, has 38 beds. It has been accredited by the Joint Com-
mission on Accreditation of Hospitais.ll

The hospital utilizes two ambulances that are owned and operated by the Grand County Ambulance
Association, a non-profit organization established by the citizens of Moab. It has been esti-
mated that an ambulance could reach the Atlas mill within seven minutes after receiot of an
emergency call (Ref. 12, response to Q. 35).

One of two central offices of the Four Corners Cofimunity Mental Health Center is situated in
Moab. Two beds are provided at Allen Memorial Hospital for inpatient psychiatric care.13

2.4.2.2 Economic Profile

Resource Base

Natural resource development forms a substantial portion of the economic base of the county.
Potash is mined at Texasgulf, Inc.'s, Cane Creek mine southwest of Moab, having a production
level of 260,000.t0ns (240,000 MT) annually (1974 figures).la Numerous uranium mines are 'located

throughout the county; in addition, many county residents are employed by the Rio Algom Corpora-
tion in its uranium mines and milI in San Juan County.6 Coal mining will become part of the
county's economic structure with the opening of the Sego Fjeld, in central Grand County, by
Western American Energy Corporation.

The county also has several producers of oil and gas. While not comprising any significant
share of the state production (Table 2.8), exploration for new wells continues, particular]y
around the village of Cisco.la With the continual need for energy and natural resources and the
abundance of natural resources within the county, natural resource development will continue to
have a strong economic impact throughout the county.

Tburism is the other maior economic
Canyonlands region (which includes
to the region (Table 2.9).

activity in the county. Expenditures by nonresidents in the
Grand and San Juan Counties) provide over $10 million annual ly

Table 2.8. 0il and Gas Production for Grand County, 19754

Commod i ty Quanti ty Percent of State Total

0il
ud>

84,368 bbl

5,760,543 ft3
0.21

7 .56

usorrc.' "Monthly 0il and Gas Production Report, December-.

igti;; Division "or oit, Gas and Mining, state of Utah' Salt
Lake City, Utah.

Table 2.9. Expenditures - Canyonlands Annual, 
.|974-.|9754

Expenditure Type State Reg i on

Tourist Expenditures

Business and 0ther
Expend i tures

All Travel Expenditures

$l0l,.|67,800
$72 ,074 , 300

$1 73,242,1 00

$9 , 623 ,900

$ l ,333,900

$.| 0,957 ,800

dsorr."r 
"Canyonlands Regional Motor Vehicle Travel," Institute

for the study of 0utdoor Recreation and Tourism, Utah State
University, Logan, Utah.
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EventhoughMoabisasmallcommunity,15%ofa1.|overnightstaysw.ithin
'|975 were in Moab.' Ri ion' as touriim remains an active enterprise, it
revenue 'into the area.

Tabl e 2. 1 0. Largest EmPloYers in Grand County, 
.l9764

Emp'l oyment

Most people who live'in Grand County work-in the county, and onlv three percent of those working

in the county reside "ir"rf'l"".iE 
in. ntfit tiif, "iti'- 

l61.emp]-oveet,!lgf:^Jz:-response to Q'

33), js the targest i;;;;i;i.i employer ro""t't.'iirni,.- inis tigi'r" does not include people

emptoyed by the rin"r"iii.a Uv if'b nifas Corpl;ii;;." The next iarqest industrial faciljtv is
Texasgulf, Inc., which ptoJrii,t potash p"oOriit.6 The other-ma'ior 6mployers in the countv' both

manufactur.ing uno non-r!;;i;;i;rl;s; i"b riti.i'in riute 2..10. 
-Approlimatetv 200 Grand Countv

residents are employed by Rio Algom Corporaiion in its mines anO hlii in Sun-Juan County'6

Emp]oymentwithinthecountyhasr.isen-slight.lysincelgT0.Percapitamonthlyincomehas
remained $300 to $400, which is below the Siat! average (Table 2"ll)'

Utah in the sPring of
wil I continue to bring

Serv i ces/ Products No. of EmPloyees

Federal, state, countY offices

Atlas milI
Grand CountY school district
Texasgul f, Inc.

Continental TelePhone Co'

Moab Industries
Carrol I 's ArcherY Products

Government

Uranium Mi11ing

Educa ti on

Potash Products

Commun i cati ons

C'lothi ng

Sporting goods

250
h

r61"

r30

120

60

50

20

uSoura", "County Economics Facts-.l976: . 
Grand County'"

F.o*oiion Division, Sa]t Lake City' Utah'
Utah Industrial

DSupplied bY APP1 icant.

Table 2.1.l. Per Capita Annua'l Income--for 
Grand CountY and the State
of Utah,.l970-.l9754

Grand CountY Utah
Year

I 970

I 97.|

1972
'1973

197 4

I 975

$2800

3000

3400

$szoo

3400

3700

4l 003700

3900

4400b

usou"c"t Utah
Securi tY, Sa'l t

bPrel im'i narY.

Department of EmPloYment
Lhke citv, Utah' l976.

4400

4800b
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when the state of utah faced a high rut:-:f^g:lprovment o.zz1 .in 
.1975, 

Grand county did notseem affected by the recession. itre'inerptlJment 
"it" itiy"a at 5.9%--the fourth.lowest rate inthe 2e counties, at a time wrren ttre-niiioi,ui"unerpi;fi";;";;|" peaked at e.gi.id. rn April 1976,ll5 5l#":'ii'{.5il:'ot'v'"ni-rai", ii-reporteo bi i"h;-ij;';'iepartrnent or Emproynent security,

2.4.?.3 Transportation

A necessary requirement for the operation.of the Ailas mill is the-transportation of ore frommines to the mfil bv,truck.- rr;:;il;;i to an_inqui;t ti'ihe staff, the appricant submitted atruck traffic model- (Ref . -12,-;";il;;-;o q. 
-iz j.'-ii,ir"ilJ"i has been rouh!.to satisfactorilyproject both current'and future-ifiipr"nir.ir o16. (ih; ilili is sunrnarized in Figure 2.3.)

An average of 90 trips' or 45 round trips, are made by ore trucks each day in deliveries of oreto the mill' six of these round-i"lii f,lv ue expeitei;;-";l;" rrom tr,e-"nori1-iiong u. s. Hish_wav 163, and the remainins sg-wiri 
"5r""'ii'or-tr,i"itiing"iillii.t, in the south. Tnese truckswill averase 4467 rniles/div izigo'riiaivi o"^upp"oximaleiv-isO,000 mires/month. seventeenpercent of the trafric is irdm u,e nb"i"n_,Joo i!19s tiizo,rrli.Aatl, o;__rr.,,iijo,,,i,irJ, (35,500 km)

i:lilJ:-"'o 
83% is rrom the 

'orir'--Jibri"'ii;; i6e;0 rili';"iii or r07,e00 mires (173,700 km)

In addition to traffic 
P!"ojectga by the model, other traffic not included in the mode.l must beadded' As reported pv. ltre-appii.iit]"in"uu"rage of q.o-trips,.or.z.s-rouna"t"iir"'i"" 

made daily(6e trucks pei month)-ov truili i6 ii"-riiij roi-rr,iprint"oi"i,ite"tar other than'ore. shipmentsof yel'lowcake, vanadium, ano coprj""-iior'tn" miri-r6quire-*u!*"nt by truck. This amounrs toi:":;ooi:J"if,i fli.l?:t "ouno 
i"ipi'd;;il. npp'oii'iiIii'riiJ"right truck trips aie made daily

To detennine the vehicular traffic caused^by-mill.employees, it will be assumed that ha.lf of theemplovees travel alone, while the-riiliiiier-t"uv"r ih iir-iiois of two people, for a totar of120 dailv round trips or^240. d;tiv i;ip;. .Because *'"-"i'piov!"s work a z0-day month and theanalvsis above is fbr a 30-dav-t6iti, ir'" aiiiv-t;.#i.;f';iii 
"rproy".r. 

is lpread over 30 daysand proiected at 80 round.triis o"-i6o-irips, ",ti!t'it'" iitllii reported above, this amounts to255'2 trips or 127.6 round trips-ir,ii'a"i maae Jiirv-oy ;;;;, vehicles to and from the mill.
The average dailv traffic-tally-for.U. s. Highw?r lq3 is taken a! tlrq iunction of Arches Monu-ment Road' approximatery 1.8 m'ires (i.a-iml nort-rr or-ttre miii.' In 1975, a tota.r of..600 

vehicres/dav passei ttris suriey-p"iiii: .or^these, izii'"e"e utah passenger cars, 480 wereout-of-state cars, 405 were I ight iiulii;'ana-2s5"weii n"iuJ=ii.r.*r.
2.5 LAND USE

2.5.1 Land Resources

Approximaterv 90% of the rand in Grand county is adninistered by Federal (74.04%), state (r5.49%),and cities/countv asencigs (o.oizi.-"irri-Fealral i;ni i;-iliig"a ov.severar asencies and part ofit is an rndian Reservation, in arirounti-sffi;'i; ih!-rJiriiii!=oreakdown:
Management

Bureau of Land Management

Forest Service
National park Service
Bureau of Reclamation
rndian Reservations

Total

1,797 (750)

200,275 (81,000)

I,758,586 (71.1,700)

Acres

I ,433, 5] 2

57,527

65,475

(ha)

(580,150)

( 23,300)

( 26,500 )
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2.5..l..l Mill 0wnership

Atlas Minerals Division of Atlas Corporation owns the mill site, which is approximately 400
acres (160 ha). A five-strand barbed wire fence has been constructed along the perimeter of the
restricted area. Four rights-of-way across the site (totaling about 50 acres, or 20 ha) have
been granted to the Denver and Rio Grande Western Railroad, Utah Power and Light Company, E1

Paso Natural Gas Company, and Tex's Tour Center (Ref. .|2, 
response to Q. 36).

2.5.1 .2 Farmlands

0n1y iimited amounts of land in the area of the mill are suitable for agriculture. Few acres
have been farmed:

I 964 I 969 1974

Number of farms 74 39 42

Tota'l acres (ha) in farms 157,485 |64,339 163,975

( 63,734 ) (66,508 ) (66,360)

Source: "County Economic Facts - .|976: 
Grand County", Utah Industrial

Promotion Division, Salt Lake City, Utah.

Near the mill,217 acres (88 ha) are farmed in Moab,850 acres (350 ha) are under agricultural
and rural residential use in Moab Valley (west of Moab), and 300 acres (.l20 ha) are under irriga-
tion in Span'ish Va11ey.rz 0rchard fruits and livestock are the prime agricultural products in
this area. Insufficient iruigation water has constrained use of the more productive agriculturai
lands in the Spanish Va11ey.7

2.5. I .3 Urban Areas

The closest urban area, the city of Moab, has been described in Section 2.4.

?.5.2 Historical and Archeoloqicql Resources

T.he area immediately surrounding the mill appears to be devoid of any historical or archeological
sites. The appropriate State officials indicate that there are no known sites of historical,
archjtectural, or archeological significance (except those at Courthouse Wash and Mill Creek)
within the area. It was suggested that the Atlas mill may be of historic interest in terms of
its connection with the uranium boom.l/

Much of the public land around the mill is parkland. Canyonlands National Park, Manti-La Sal
National Forest, Dead Horse Point State Park, and Fjsher Towers are all wjthin a 50-mile (80-km)
radius of the mi11; Arches National Park is w'ithin two miles of the mill.

2.6 I,IATER

2.6,1 Surface Water

The mi'll is located on a river terrace a few hundred feet northwest of the Colorado River at
the northwest end of the Moab Va11ey. Surface drainage features in the vicinity of the site
include the Colorado River, Courthouse llash, Moab Canyon Wash, Mill Creek, and Moab Marsh (see
Ftg. 2.4).

The major surf,ace water stream in the region is the Colorado River. A gauging station is'located one mile (l.6 km) below its confluence with the Dolores River, about 3l miles (50 km)
upstream froh the site. The drainage area above this point is 24,.|00 square miles (62,400 sq
km). The average discharge over the 59-year recorded period, l9l|-l970, is 771'l cfs
(2..| * 

'g-s 
637sec). The record maximum and mjnimum discharges are 76,000 and 558 cfs,

respecti ve1y.
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courthouse wash is an,intermittent stream that drains an area 102 square miles {260 sq km) northof the mill' Its confluen." riin-*'i coro;;;;-R;;..'r;".[ort.a. harf mire (0.8 km) east of themill. The average. aiscrrargJ ii-z.izirr. (o "-1f':i-r:i;Ji: with.a record ,iiimu,n of 12,300 cfs(350 m3lsec)' u6ab-canvJn'wttr, it'i ittgniv ini.*ritlni'{lfggr.that drains iuout 
"isr,t squaremiles (20 sq km)' tt.clii i""oti-*,"'tit", piii"r'ir,""noitn"ust corner or tne-taitings dike and;lli'i";[T:,lt:,*;#:' pona-ina-ine miii.--nJ-iriJi iiil..ai n.,"'t".,-,uiii"ed durins the

Mill creek drains^about 75 square miles,(200 sq-km).ot rqnd-south and east of Moab. Its con-
iffiii!,-l:*elli.totq"too 

niv-"r'i'"urlort't"o mir"s'' (;'km)";outheast or the mi n. rhis creeki;'i,i.i-.;; ii";"rJ:i'i:iit:ii" ;J:il fi::,r.,u"i:li*l::,?t"[irJ*:;i:ii,.,jt,ij:'"l:i,in:mill' spans 650 acres tzbo tii, i[6it"rso (oo-r,ii-or'"i.'iii'u"" covered by four feet (r.2 m) of38il"lli'[;,.1'H 3ff:r?,x!,0;l;l;'ir;ii.ilirv''i.ii.ti.f "in.""u,ing-;,;i,;";;,^;ns 
,.,oods 6r tne

2.6.2 Groundwater

The principal aquifers in.the region al:_!!F.ryuyajo-and l.lingate sandstones, where these forma_tions are highlv fractured, and ihe uiconsotiJiiei-qr"L"iii^v_a"posits ttrai riit the vareybottoqs' The thickness or-alluviii ieaiments in urti-laoii"viir"v'"iri"r"ii"si6'i.et (r0 m) andiY:iiff t3ttff: 
i??rT)' 

The attuviai-iearments are-til;;i hiehry utirized aquirer in the

0n either side of the colorado River. the water table slopes.toward the river with a gradient ofabout 100 rtlmile (20 n/kn). ni ir,.'tite,.the ,ii"r-tiii!'rr"p.-i".".ir;;';; lpiroximatery10 ftlmile (2 nlkmi (rib' 2's)"- ri..r,i"g".to tne r.roau-iiii"v :o,lu,"9lt of the cbroraao River isfrom the La sal Mountaiis and'is 
"iiiilii"a t" o" iilooo-iiil_rtlv" (1..2 I .t07 m3/yr). Recharqeto the Moab canvon area, northwest or ine river, i;';;;y'iil due.to the.light precipitation aidl#ffi1i3:Ti^if,l"lllll;,.f;,;l;:",:*ii,i;xii"l;;;;;J#:,er in the viiiniti Jr tn" site is

A1l private or public aroundwater users.are.located on an up-gradient from the tailings pond.The only known groundwitei uie-in in.'ui.tniiv-"i-ihJ"riL"fs a.""il at the Archis Nationat parkheadquarters' l'4 miles (2'2 kn) nortnwest-ot-tne site.'iti *ate" we'ns and springs within fivemiles (8 km) of the s-ite'u"e iiltei'iii"iu6r. z.s-z-di'ine^iafety.Anarysis Repoi^t (sAR). Thelocations of test wells and-piti-i"ouia.g bt.th; ipiiri$t"l"e.shown in Fie.'2.6. rhe rni., doesffil.Xtllt:;o3i?ll'ilitift .fl} f#i-iit."-ii outlinei-i"oil'ir," i6ro.i'al'ii"""l and domestic

TfftliltiH fl;iiilffi:t resources other than the alluvium utilized by wells in the mill vicinity

' Navaio sandstone - This formation is-used-primarily for.the-public water supplyof Moab- Depths of the weris-range r"om-rg6';;'ri6_feet (32-to 72 nj.-.Estimatedyie'lds range from 0.2 to z+as gpm-(t ,-i'o:i-to"f i"to_, m3lsec), and the waterquality is generally high.

. ,ningate Sandstone - Because o"Tglli.11_t{-is low, the-groundwater recovered isprobably through fractures. 'yields.range 
from g io SO gpm (5 " 1g_+ ro.Z x l0-3 m3lsec) and the water quiiiii i; hi;,h." ""

'cutler Formation - onlv four wells in.the area top this aquifer. yields from 15 toZ0 gpm (l ' lO-s to 1.3 ,-iO-3'm3/sec)

2.7 GEOLOGY, MINERAL RESOURCES, AND SEISMICITY

2.7.1 Geolosy

The mill is located il tf,g northern 
"nd 

ol.Iggb,Valley (Moab Canyon), in the Canyonlands section
or the colorado Plateau plvsiog;upi;i!"i"iuin.".(atso indwi-ir-!p paradox satt eiiint. Theiii:l r'iff: :il,i:iT;3lt:;lnlii!3'il;;;r.:rii,iii'd-!i,.pirites. (sart strata), exhibitsthe result;r 

"egio;ir rordins and sart r,ilil3liflj"t svnclines. The anticfinii'itiu.tu"es a"e
Irloab vatev is the northern portion ot,n".]::::r-Moab-spanirf_r:r]gv:,which is su*ounded by
nrgn' steep walls forrned uv i'ea"-vf"iicii'=sanaiton" 

"iii;l."-iTne. southern portion is caredspanish-vallev') rne uouu"-spiiisrr-i;i;:r; is^a remnant oi-i oi"u.r,ed sart anticrine whose down-Iilfff"::Tf,!::rf;fff,".n:ldljii:i $if*j";:.,,,,iiiJ i"rl"i[f *,u." cuts across the anticrina]
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The uranium ore
district of the
Rio Algom mi lI '(75 km) to the
the region.
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The collapse of the anticline has been attributed partially to solution and plastic flow of

mobil.ized salt deposits at depth' Th9 tuii"V-ii-Obunded on tfre-weit and east bv faults' The

major fautt, Moab ruuii,-r"ipbnsibte to. 1"'!'.iiti;-;;;i of. tlrg mill, has manv associated

smaller faults, some'oi'*r,i.[-uie postutaied to pass beneath the mill site'

Rocks forming the high cliffs surrounding the va11ey range in age from Pennsylvanian to Jurassic'

Bedrock at the mirr jite'i..iitit oi runorion"s, coigtomirates,"and-some shales,:l-tht cutler

and Rico formations (see Fis ' 2'7)' Tht;;#;iitili'uii'uiar ind slope walrr m1!111a1 consist of

loose to dense s.ilty sands, sandy gruu.,r,"5id.i.V.V iiit:;^.,Th. soiis and subsurface material

exhibit considerable uiriuiion, 
-noih vertically and holizonta'11y, across the site'

2.7.2 Mineral Resources

The major known economically recoverable mineral resources in the region of the'Atlas mill

'include uranium, potash' and oil' lg:sel amounts of copper' uiniOiut' and molybdenum in the

uran.ium ores are ot ,utiiii"ni quantity to be economicaily recoverable.

mined in the resion-occurs in the lfgYan minera'l belt and lnt ?]i lxflil.tlil:^n

,:i*iili li*ili iillli;'i,,,*li'irl,"il*i'';i'i*'ri'i'llu;::i,:itl''i:iililt'

Potash mining and processing facil ities.of Texasgulf

t.ri[".tt "i"the 
Atlaa mill: 0il is being produced

.iori iz-tif.t (zo km) southwest of the mill and one

Algom mi11.

2.7 .3 Sei smi ci tY

The Atlas Mill is located in an area that can expect oniy minor damage from earthquake activity

as plotted on the r.irri. "irr.,ip 
of the ul"sli6--n.ien"t preli'ri;;;i maps show the mi'll resion

to be in an area *n".."'hiriiontir'u...r."uiioni will be less than 57" of gravity're There have

been 63 recorded earthquakes within fOO tiitt if6O f<m) of.the till site'-on1y three of which

occurred within 50 miles (80 km) of the mill' The nearest tttotita-tuii6q'ait" felt at the mill

occurred about 45 miles (70 km) northwest in'fgSt, inJ f'uO a ptoOitiea Mercalli Intensity of V

(SAR, p . 2.4'25).

Additional detailed discussions of the site region geology and seismicity are available in the

li;i;;;;i:t-iii.tv Analvsis Report' section 2'4'

2.8 SOILS

The m.ill site lies who'lly on Quaternary-undifferentiated sand' residual mantle' slope wash' and

a'uv.ium on the irool"Ji'uiub'v;ii;t: "Th;-s;p;;iiiiit tuv.rr are of recent orisin' and are

apparently stiil accumulating. ,jl:::lrr=ur!'Enii,oii, 
*iir' ritirt or-no evideice of the devel-

opment of pedogenrc honizons. Less ir.lnoii.t'uio'ftiit-tpttirii-ioiis than about the subsurface

material. Thus, the general characterirti.t oi-it'" soil taxa ifrai proOaUty occur will be

di scussed.

The subsurface conditions may be of significance to the assessment of erosion (Sec' 4'5)' and

are therefore aiscusiei"[e"e". 
-Oata 

fr6m onsite surveys conOutieO by the applic-ant (SAR'

Sec.2.4.1.2.2), and-iiom'laboratory u.a ii"il't.;ti;t-(aAR; s;: t'q't'z's)' form the basis

for the following discussion'

The depth of the unconsolidated overburden is presumed to be-aboutl00 feet (30 m) (sAR'

sec.2.4.1.2.2); borings to depths o1 59,"02,;;;-;o-i.;i (.l5' 19, and 2l m) did not encounter

anv consotidated *ua..iif"iSnni-;;g;.-Z.i-gO'unl-Z'q-gh'-Uorinqs Nos' l5' 8' and'14' respec-

tive.ly). The statt"i!rivei-iii sp".urutiu."unuivti, oi'.il,. toitt"i-or the Quaternarv deposits

at the Atlas site (see Fig' 2'5) from th"'notii"iitl'and vertilai-aitt"iu'tions of textural

qrades encountered ii'nrii, [o.i.gr-tsnnl iig.-2.,i:g) and_on ine straight vertical aerial photo-

graph given in Figure 
'i-ii.orpunving queiy'|\B. S'.r"i.i"-rz' Most of ihe material under the

ta.ilings pond r, "uoiirnlu."r,[-iirti 
iine's;;;,"griaing rto*,toile ioward the foo-t of the cliffs

to med.ium dense atong the va11ey centertine, una''i'ing in-elevation toward the foot of the

cliffs. This mat"riit is proba-b1y,rop"'*ilr'-irom lrre"ctiffs along the Moab Fault' There

Inc. are located about seven air miles
frot t"o fields: one near Dead Horse.Po'int'
'ii"'tft.-Lituon Valley, south of the Rio
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appears to be a lenticular alluvial deposit of reddish-brown fine to coarse sand and gravel
grading to reddish-brown silty fine sand toward the Colorado River, probably deposited by the
Colorado River. There also appear to be some lenticular alluvjal deposits of reddish-brown
silty fine sand and clayey silt and occasional fine gravel and some scattered roots lying above
the presumed Colorado River alluvium, and deposited essentially perpendicular to the alluvium,
probably along previous courses of the Moab Wash. There should also be some eolian deposits,
but these are probably too thin to show up on the logs of the bonings, and may be indistinguish-
able from the presumed slope wash.

Approximately 115 acres (50 ha) of the site is covered with tailings to a depth of nearly
75 feet (25 m). The tailings are described by the applicant (SAR, Sec. 2.4.1.2.2) as light gray
to gray and grayish-brown silty fine sand which is very loose to loose, with lenses or layers of
soft grayish-brown clayey silt (slimes). Because these tailings and slimes originate from the
mill circuits, they contain trace elements and heavy metals, including radionuciides. Along the
slopes of the tailings dike, the superficial layer is native fiil compacted to medium dense, and
composed of reddish-brown gravel in a matrix of silty fine to coarse sand. The bases of the
dikes (starter dikes) are comparable to the native fill covering of the dikes.

The staff concludes that the unconsolidated overburden of the Atlas mill site is typical (cf.
Ref. 20) of valley floor and terrace deposits in the Canyonlands section of the Colorado River
physiographic province. Furthermore, the staff believes that residual mantle deposits on the
sandstone substrata near the Atlas site should be similar to that of onsite slope wash, except
that these residual rnantle deposits are generally very thin. Residual mantle deposits on shales
and siltstones seems to be deeper and apparently include a higher percentage of clay-sized
particles than the deposits derived from sandstone.zu

The soils of the Canyonlands physiographic section, which include the Atlas mill site, would
probably be classifibd as membeis oi the great group Torriorthents.2l Such soils have "little
or no evidence of development of pedogenic horizons [soil profile]."2I The Torriorthents are
members of the suborder Orthents,'whiih are "primarily Entisols on recent erosional surfaces."2l

The characteristics of the great group and of the suborder defined above are consistent with the
staff's analysis of the sources of the Quaternary deposits at the Atlas site, so vve may tenta-
tively accept the designation of the onsite soils as Torriorthents with reasonable confidence.
The same reasoning applies equally well to all of the soils of the Moab Valley exclusive of Moab
Marsh and of the alluvium immedjately adjacent to the Colorado River. These soils may have a

much higher percentage of organic matter than the dry colluvial soils in the val1ey. The staff
cannot with certainty assign these alluvial soi1s to any taxonomic category.

2.9 BIOTA

?.9 .1 Terrestri a l

The staff has reviewed the ecological literature (Refs.20-23) to determine the probable nature
of the biotic communities of Moab Valley and their relationship to the regional ecosystems. The
discussion of the area's vegetation (Sec. 2.9..l..l) summanizes that literature, and reports also
on personal observations of the staff based on previous field work. The discussions of wildlife
(Sec. 2.9.1.2) are based on the ER and on the professional experience of the staff.

Vegetati on

The mill site is located in a cool, desert environment. The vegetational formation is Great
Basin Desert Scrub,22 wh'ich is also called Southern Desert Shrub (ER, Sec. 2.8..l) or the Canyon-
'lands section of the Colorado Plateau floristic division.23 Desert scrub vegetat'ion can be
extremely uniform, but "is the richest part of the Intermountain Region for endemjc species,"
including "two vegetation types which do not develop to such a large extent anywhere else"zr
(see below).

Seven vegetational communities are likely to occur in the non-mountainous areas near the mill
site: l. blackbrush, 2. shadscale, 3. pinyon-juniper, 4. galleta-threeawn grassland (desert
grassland), 5. badlands, 6. marsh grassland, and 7. r'iparian woodland (cf. Ref. 23).

The blackbrush community is found at lower elevations, along the Colorado and Green Rivers.23
This community may be found in Castle Valley, upstream along the Colorado River from the Atlas
mill, and in Jackson Hole, downstream from the mill. However, it does not occur in the north
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end of Spanjsh Va11ey due to the marshy conditions there. This js one of the two unique com-
munities of the Colorado Plateau.

The shadscale commun'ity has been designated as an edaph'ic,* salt-tolerant variant of the Cresote
bush community (at lower elevatjons in southwestern Utah) and of the sagebrush community (at
higher elevations in central Utah). This designation is followed in the Atlas ER (p. 2-26), but
a more realjstic treatment of this community recognizes it as an altitudinal zone in south-
eastern 9166.20,23 Following this approach, the vegetation of the plateaus (including Arches
Natjonal Park) around the Atlas mill site is correctly described as a shadscale community.

At higher elevations, especially in the northern portion of Arches National Park and on Dry Mesa
south of Canyonlands National Park, there are extensive pinyon-juniper woodlands. These wood-
lands are sufficiently remote from the At'las mill site that the like'lihood of impacts due to the
mill are negligib1e.

Large areas in southeastern Utah are occupied by galleta-threeawn grassiand communities,23'24
but the relationship of these to other regional vegetation is unclear.2r Examples of these
communities can be found in Canyonlands National Park,2a and perhaps'in Moab Va1ley (staff
observed grass'lands during site visit but did not determine the composition of the grasslands).
This community is also one of the unique communities of the Colorado Plateau.

The other three community-types mentioned above are edaphic communities. A badlands community
occurs l0 miles (.l6 km) from the At'las mill in Arches National Park on clay soils probably
derived from Mancos shale. Both marsh grasslands and riparian woodlands occur along the Colorado
Ri ver.

The staff has determined the approximate distrjbution of these comnunity-types in the vicinity
of the Atlas mill, based on site visits and the staff's interpretation of the aerial photograph
supplied as Figure 3 accompanying Query No. 8 of Ref.'12. These distributions are given in
Figure 2.8 and Tab1 e 2.12.

Table 2..|2. Total Acres (ha) 0ccupied by Various Ecosystems
near the At] as Mi lI

Distance from Tailinqs Pond Perimeter

Ecosystem
Types

0-0.3 Mi le
(0-0.5 km)

0.3-0.6 Mile 0.6-0.9 Mile 0-0.9 Mile
(0.5-r.0 km) (1.0-r.5 km) (0-1.5 km)

Desert grassland

Shadsca l e

Ri parian woodland
and marsh grass-
'land

Total s

'r42 ( 60)

127 ( 53)

36 ( '15)

76 ( 31)

228 ( e3)

r34 ( s7)

3r ( r3)

223 ( eo)

247 (103)

24e (r04)

578 (236)

4'17 (r75)

305 (r28) 438 (18r ) so2 (206) r245 (sr5)

t^Iildlife

The wildlife near the s'ite is probably strongly influenced by topography. Moab Va'lley, at
approximately 4000 feet MSL (1200 m), is separated by 500- to 1000-foot (150 to 300 m) cliffs
from the surrounding region. This forms an effective barrier to the movement of many large
animals. Hence, although Grand County, Utah, contains suitable habitat for severa'l big game

animals, Moab Va11ey receives little use by large animals. The only big game reported are mule
deer, which are only occasiona'l1y sighted (ER, Sec. 2.8.2).

Small mammals such as striped skunk, blacktail jackrabbit, cottontai'l rabbit, sma'l'l rodents, and
some predators are potential pennanent residents of Moab Valley (ER, Sec. 2.8.2). Only two bird
species are reported (apparentty as summer residents) by the appl icant (ER, Sec. 2.8.2) for the
shadscale communities near the mill site.

Generally, communities confined to unusual soil conditions.



2-21

1.5 km

SS

1.0 km ra-
DG

ECOSYTEM TYPES

SS = SHADSCALE

SS

DG

I
I
I
I
,
,
I

ss

0.5 km
----

SS

ss

?x RW/MG r
I

RW 
,r'

,' Rw/MG

t/20

SCALE
ZllZ" = lmile
4cm:lkm

the Area of the Mill

DG = DESERT GRASSLANO

RW : RIPARIAN WOODLAND

MG : MARSH GRASSLAND

Fig. 2.8. fPProximate Distribution of Biotic Communities in
(crrcres ,ioi.ii" oittance from tail ings pond)'

TAI LI NGS\\
\ POND .J



2-22

The riparian woodlands. and.marsh grasslands.apparently support both denser and more diversewildlife populations than do othei communitiei'ot-uoi6 v;Ti;;, includ.ing beaver and muskrat, sixspecies of terrestrial birds as pe"runeni o.-r"iionii-r"rioli,tr, and moie itan.a-oo.en speciesof terrestrial birds as normal oi^ ociasionat migrinis or-oi.usi6nur vliiiorf-iEil,'sec. 2.8.?).The marsh grasslands 
:Ypport. ten species-ot wJt6.iori,-p"iii.irv. as migrants.' Aitnougn the areais open to public hunting, tne couhiy ieported less thafi onl'.auct_taten per.hunter-day andapproximatelv 0.05 geese-taken per hirntei^-aii-ar"i.g-i'9io:i'gzi-iin,-pl z::01."'"='

six species of raptors, including the prairie falcon (see sec.-2.9.1.3), may occur as occasionalvisitors in Moab Vailey, but shoJrd in6w no strong habitat preference.

Rare and Endangered Species

0n1y one Federally listed rare species, the prairie farcon (ralc-o mericanus), is reported as ,,an
uncommon permanent resident in Arches National park,, (ER, Sec. Z.A.Z), irJ-tf,"""fore it nay bean occasionar visitor onsite as weil as offsite in noiu"iuii"y.
In the opinion of the staff, Moab Marsh includes suitable habitat for potential use by threespecies of concern to the state.2s These are the river oti""- (I'ut,a canad.ensis), white pelican(Pelecanus e,y tht oz,hgncltos ) a na' s anatr iii' crane (Gtas cana.densis ) .

In addition, the canyonlands floristic section has perhaps the largest number of endenic speciesof any area jn the Intermountain Region.'a. Among tir"s"-!na"ric species are ll species that havebeen proposed as rare.and endangerei,zo uno.s"ueiui iie.i.i-itut have been proposed as

iffi'ffffi!';J;iir.ot the propos6d endansered speci"s,'onii-"ii-(ci.l"a"i,tliLi,5iiii ii 
""po.t"o

fly.5:tttott 
impacts on these rare or endangered species are treated in sections 4.6..l.2 and

2.9.2 Aquatic

Much of the colorado River system has been altered by the construction of high dams that createlarge reservoirs with co'ld, ilear iiir-*it""t. rne iemainin! tree-flowing reaches of the river(e's'' the section near Moib, utah) are-ihii'iit""ii"l-[v'lril3tq1uar seasonai ftuctuat.ions inflow, high turbidity,,and reiativeiy trlsrr summer temperiturei.rv The turbidity is presumablydue to high erosion rates througtroui tnE river taiini- i;-;;;i areas, inctuJin! i[e Moau reach,
:liri:fi"::ff:T t' composed ot-shirting sana, wnile'"iihei-ina il;.;;i-;;;iio,iiirv occur in

Due to the scourino action of suspended silt and the shifting bottom.sands, rooted aquaticptants are virtuariv absent taiin5rtr'-"1iiii tiitir\;il';;i; cedar (rqnari,r) are conmon in the
I:$:|!::Blain whirre seasoial inuiaaiion-o.ir"ii-ini"i""ipr,yton and oentrii iurnu u""

Information--on the species composition of-algae and invertebrate cormunities in the coloradoRiver near Moab is apparentlv not avai'labt"." A t;-;;i"rii'il.t study of Glen canyonze (down-stream from Moab) indicates ihat benthic invertebratet'i""-'""tt"icted primarily to riffles orrocky river sections, and that species composition.on.irt.'iiintv or,uviiiei"("]s., rrauereLLa,Heptosenia, and Baetis), caddisfiies (e.9., potaryia ana uno,iiii;ri, ilt';j;i"ll''rn",ortconspicuous aigae were- peri phytic cLaclopitona,sgeciei i.J ir'!"i,ulqu.iious spdoogaro and zygnema,all in the division Chlorophyia (sreen iilae).zs rne study-.ti;ili i8";#ii;"fl'is;:"n alsae(chrorophvta), 20 diatom (br'iviopfivi-i ;G;i6;, una"iruJ"ri"li", ot blue_sreen alsae( Cyanophyta ) .

As a result of hioh turbidity,.low primary and secondary production, dam construction, and waterdiversion, the sp6cies compoiition br iii"n communities in'ine-ioro"ado River is smalt. Fewerthan 20 species are known to occur, or are.riieiv io-oc.u",'n"i" Moab2s-31 (see Tabie z.l3).The native flannelmouth sucker, and the lntroaucla inir."i'.uiiirn,.sand shiner, and red shiner,are the most abundant species, while the fathead,irr"w,-gg"i, rounatai.t chub, speckled dace,bluehead sucker, and green sunfish are considerea corron.56'-it'".channel caiiist'ii the primarysport and food fish, and angling pressure is considered high ilnl. itir;i;h'i; ai omnivorethat is known to tolerate a-widi iange of environnentar coiJiiions.
Two endangered fish species are known to occur in the colorado River near Moab: the humpbackchub and the colorado squawfish.30 The-humpback.cluu ten"riiiy prer"rs swift wateri, and appar-ently was at one t'ime widespread in the ereln and coloiado niu!";. The endemii-CJioraao squaw-fish is a large predaceous.iish-usually found in 4""p, rriav *it"", where current is eviilent andvegetati-on is scarce. It is believed ihat dam consti^ucii;;".;; the introduction of otherspecies have inhibited popurations of both endangered sp""ieila,
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Known or Likely to Occur in the
River near Moab

Common Name Scientific Name

Roundtail chub
Humpback chub
Colorado squawfish
Speckled dace
Fathead m'innow
Carp
Red shiner
Sand shiner
Flannelmouth sucker
Bl uehead sucker
Humpback sucker
Channel catfish
Black bulIhead
Rio Grande kill ifish
Largemouth bass
Green sunfish

GiLa v,obusta
GiLa cypln
Phgtochocheilus Lucius
RhinichtLtgs oscuLus
PinepLnles promelas
Cypt'Lnus catpio
Notropis Lutnensis
Nottopis stramineus
C ato s tomus Latip i.nni s
Catostomus discobolus
Xyrauehen tetanus
Ictalutus punctatus
IetalurLs nelas
Fundulus zebrinus
Micz,op tezrus s almoide s
LeponrLs eyanelLus

The discharge of effluents to the Colorado River from the Atlas Mill ceased on 1 JulV 1977, but
past operation of the milI resulted in the discharge of.1000 to 2000 Spm (6 ' l0-2 to
I * l0.I m3/sec) of effluent from the facility's radium treatment ponds to the Co'lorado River.
This effluent contained measurable quantities of sa'lts and tox'ic trace elements. Staff calcula-
t'ions indicate that concentrations of chemical constituents in the river may have been increased
]0 to 30% over ambient levels at extremely low river flow (i.e., n,500 to ]000 cfs) due to
release of the Atlas effluent, but that at average river flow (i.e,,.7700 cfs) the increase
would not have been detectable.

Because the Atlas effiuent was diluted by a minimum factor of 500 at norma'l low river flow
(i.e., " 1000 to 2000 cfs or 30 to 60 m3lsec), it is un'likely that indigenous aquatic biota were
substantially affected. It is, however, conceivable that'less-so'luble metals in the eff'luent
(e.g., Fe, Mn, Cu, Zn, and other heavy metals) may have accumulated in river sediments and

dquitic biota iffnediately downstream lrom the point of discharge. Because mill eff'luents will
no longer be discharged io the river, the staff believes that metal concentrations in sediments
and biota will rapidiy return to ambient levels and that no long-term adverse impacts wilI ensue.

2.IO NATURAL RADIATION ENVIRONMENT

Radiation in the natural environment is due to cosmic radiation, terrestrial radiation' and

inhalation of radon and its daughters. The cosmic radiation dose equivalent in.Utah is esti-
mated to be about 65 mrem/yr to the whole body.33-3s The cosmogenic radiation dose equivalent
is about 1 mrem/yr, mainly-from C-.l4.a0-a3 Terrestria'l radiation originates from^the radio-
nuclides K-40, it-b-87, and daughteli sotopes from the decay series for U-238' fh-232, and' to a

lesser extent, U-235: Terresirial radiaiion exposure in Utah resu'lts in a dose equivalent of
about 35 mrem/yr to the whole body.40'+t

The concentration of radon in the At'las area is in the range 500 to ]000 pCi/m3, based on the
concentration of Ra-226 in the local soil.40'44 Exposure to this concentration on a continuous
basis would result in a dose of 500 to 1000 mrem/yras to the segmented bronchi. In unventilated
enclosures, the lung dose could reach 2000 mrem/yr.

The medical whole-body dose for Utah is about 75 mrem/yr per person.46 The total dose in the
Atlas area from both 

-naturat 
background and medical exposure is estinated to be .|80 

mrem,/yr.
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3. OPERATIONS

3.'I MINING OPERATIONS

since.initial start-up in October 1956,.the mil'l has Pry9e::99 ores from the Bi9 Indian mine and

from smat'l pr.ivate,nil.i in-ott'er aistiict!. 'il.;;; \gSA-lglZ, the number of independent shippers

has ranqed from about i0 i; t0. The mill is the oniy processor available within a reasonable

trucking distance of many of these mines. if,it. it "no'mine assotjat"d with the Atlas milI site'

3.2 THE MILL

3.2. 1 External Appearance of the l"li l I

changes affecting the external appearance of the mjlI and other facilities wilI result from

(l) the addition or one'or i*o *bi^" fifts Ji iii; i.iiings pond dike as required bv'continuing

operations and the.ou""i.g-;i lheie aaditi"ni"riir' iolii lurraie materiai, and (2) the comple-

tion of an improved alka1jie leach circui;'i;-.ijil opeiation oi-a zero-Oiicharge milling circuit'

The complete<t processing plant will have three principal, interrelated sections: the acid-leach

circuit, the alrarine-i6alrr circuit, and the copper recovery circuit. In addition, the new acid-

leach circuit has facilities for the extraction and recovery.oi vinaaium' which ordina.ily would

be lost in the alkaline-leach circuit. riit..'sli-otpitti'the layout of the varjous plant

faci.lities, and Figure-3:r-i; a block flo*'liigiir oi'ilre milr'inq processes. The mill will
process about 1200 tons (1090 MT) of o"" i.i'lXvl'.ti it"ar.e apirbximatelv 921 tons (835 MT) of

U".A (526 tons or +Zi"llf iro. ttre aciA f"l.i';-i"S6 iont'ot 358 Mt'from the itt<atine leach) ' 2628

i3.! izlao-MTi or vror, ana-ss tons (50 MT) of copper annua'llv'

3.2.2 The Mi l l Ci rcui ts

The acid-leach c'ircuit is designed to process 600 tons (545-MT) daj]y of vanadium-bearing ores

with an average assay of 0.25% u30s.una rlii-vroi.--Cecdveri.t'oi-vrb, and u30s-are about B0% and

96%, respectively. it'. roairi.a"ait<atin"-iiu.fi"3it.rii-n,ii l-Ue caplbie of piocessino 600 tons

(545 MT) of h.ish-1ime and copper-bearing o."i"luiiyl-"itt' un ut""i6l-iltiv br.o'20,t6 o'25%

uaon and up to 1.0% copper. The_circuit "iii r".ii.t u3os and-iopier at ibout 94% and 80%'

r6sFectively. The .iilhit"a da1ly consum;ii;.';;;;; oi'if,emicats'and reasents required for ore

piolessing ire listed in Table 3'l '

Ores from the Big Ind'ian mining distri.ct and from smal'l private mines in other districts are

hau.led by truck to ir'i-riii'i ini itoiea^in"lie'ippropriatb stoitcpite area according to origin'

uran.ium content, and chemical composition."'in!!'it! tn"n ted ib the crushing plant' where they

are progressiv"rv cruitia ina iirb.ned to'teis''ttrin-gl+ il.l'(i-cm). crushed ores are stored in

cylindr.ical ore nins-i'trii ,""uu u, triUuiaries i"-if'"'acia-teiitr ana utkaline-'leach grinding

circuits.

3.2.2,1 Al ka l i ne Ci rcui t

Uraniumextractionproceedswhentheoreisreducedtosufficientlyf.inepartic.|estoexposethe
mineral to the extractive reagents. fn tne iif,iiin"-i"uif,.itirit, the oi^e is wet-ground to -65'

mesh with sodium carbonate (Na2C03) ,ofriiin, tti'iting.in a 50% siurry' The s'lurry is preheated

in heat exchansers;;; i;d int5 aiioctariil"irniti"-i"ulfiing, is accomplished after sufficient

retentjon time by dissolving the uranium i; th; ioaium.aiuonui.-toiution' The autoclave dis-

charge passes tnrougi-ine n6t siae ot.ilre'iieil-"i.hung""t to Dreheat the feed goino into the

leachins section. Y'il""i'orijii"n'.oniuining uianium is-then td;;il; i;;t ih; ioliis bv washins'

repulpins, and fittering in three ,u.."r'JYul'l';;ilt ;til;-uitlut-iiut fi'lters' the liquid and

solid flows being countlr-current. The iesultin6 pregnant fiquor (uranium dissolved in Na2C03)

is clar.ified through pressure filters,.il-;h; 'iuhi'fr 
is preiioitated by addition of excess

sodium hydroxide (niolr) ano steam in ugitut.l-p.lcipiiatioh i;;i;:--ih"-iooi" diuranate (Nazuz0z)

J-t
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Table 3.1. Estimated Daily Consumption of Chemicals and Reagents

Reagents Acid Circuit
Al kal ine and

Copper Circuits 0ther Tota l

H2S0a, 95 wt %,66' B6a

NaOH, 50 wt %

Anhydrous NH3b

Na 2C0 3

NaCl 03

H202, 30 wt %

Mn02 (native)

Iron powderb

Fl occul ant

Guargum

Potassium amyl xanthate

Frothing agent

Solvent extraction (organic)

Solvent extraction (kerosene)

Aluminum sulfate

240 , 000- 360 , 000

9 ,600

3,000

2,500

90

600

120

640

241,000-360,000

40, I 00
.| 
5,000

9 ,600

6,ooo

2,.|00

290

3,.l 50

t83

I,lg0
t5

5

12?

Bt0

6

730

40,1 00

2,100

290

650

90

580

15

2

170

I 5 ,000

3 ,000

aDepends on the ore lime content.
DEsti 

mated .

precipitate formed is dewatered in thickeners and vacuum fittered. The thickener discharge andfiltrate are sent to the recarbonation tower, where they will absorb carbon dioxide (C02)"from
boiler flue gas. The residual or excess NaOH in solution is thereby converted to sodium carbonate
and sodium bicarbonate (NaHC03) to be recycled as reagents for the leaching process. The filter
cake is repulped in water and redissolved in sulfuric acid, and the resultinq solution is combined
with the pregnant.liquor from the solvent extraction system of the acid-leach circuit (subse-
quently.described). The combined solution is acidified with sulfuric acid (H2S04) to decompose
any residual carbonate and drive off C02 gas. Uranium is reprecipitated by raising the pH io
2.4 with anhydrous ammonia (NHs) and adding hydrogen peroxide (uz}z). The-precipiiate ii filtered
and water-washed' dried in a multiple-hearth dryer, crushed in a harmer mill, and packaged in
55-ga1]on (200-l) drums as a powder or as granules less than l/4 inch (0.6 cm) in iize.- This
finished product is an essentially pure uranium oxide.

3.2.2.2 Acid Circuit

In the acid-leach circuit, the ore is wet-ground in a ball mill in closed circuit with a spiral
classifier, yie'lding a slurry with 50% solids that is sent to the leaching section. For the
first stage of the leaching process, the freshly ground ore is mixed with recyc'led high-acid'|each liquor to achieve reagent economy, and with a smalI stream of ferric hydroxide slurry to
aid in the oxidation of uraniun. The remaining solids are separated from the pregnant liquolin
cyclones and thickeners and are sent to Jhe second-stage 1each, where uranium extraction is
completed by the addition of sodium chlorate (NaCl0s) and more sulfuric acid. The second-stage
leaching is enhanced by steam heating for a retention time of about 2l hours. The resulting
discharge is cooled and sent through classifiers and wash thickeners, the overflow being pumped
back to the first-stage leach as a sulfuric acid supplement (previously described) and the
underflow being sent to the filtration section. The puip in the underflow is washed, to recover
f iquids that contain uranium and vanadium, with the aid of three counter-current stages of
vacuum-drum filters in series. Two principal streams result: (l) an acid filtrate, containing
uranium and vanadium, which is recycled to the leach section classifiers, and (2) a washed
filter cake or "tailing," which is repulped to a slurry of 25 to 30% solids and pumped to the
tailings pond. The pregnant liquor from the first-stage leach section is clarified, and its
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uranium content transferred from the "aqueous phase" to the "organic phase" in the counter-
current solvent extraction process. Thereafter, the loaded "organic phase" is stripped of
uranium content by contacting with sodium carbonate solution, and the stripped organic solvent'is recycled through the extraction process. The pregnant aqueous phase is then combined with
the product liquor from the alkaline leach circuit, as previously described, prior to uranium
preci pi tation.

3.2,2.3 Vanadium Recovery

In addition to the pregnant aqueous process stream identified above, a second barren aqueous
process stream (the uranium raffinate) containing vanadium leaves the uranium solvent-extraction
section of the p1ant. Vanadium is recovered from this stream by the following steps: (l)
adjusting the pH to 2.0 by addition of anhydrous armonia, (2) extracting vanadium with organic
solvent, (3) stripping vanadium from the organic phase with a l5% sulfuric acid solution, and
(4) precipitating vanadium by adding steam, sodium chlorate, and ammonia to fornr a complex
vanadium product, principally oxides, refemed to as "red cake." The resulting precipitate is
thickened; drum-filtered; melted in fusion furnaces; and cast on rotating, water-cooled casting
wheels to form a "black oxide" flaked product that is packaged in 55-ga1lon (200-1) drums.

3.2.2.4 Copper Recovery

Copper is recovered from copper-bearing ores, starting with their grinding in the acid-leach
grinding circuit. The ground ores are sent to flotation cells where a copper sulfide (CuS) concen-
trate is produced with the aid of a frothing agent. The flotation tailings are normally sent to
the alkaline-leach regrind mill for uranium recovery. The copper sulfide concentrate is leached
with sulfuric acid and sodium chlorate to dissolve its uranium content, then vacuum filtered and
washed. The uranium-bearing filtrate is pumped to an existing solvent-extraction circuit, while
the filter cake, the major constituent of the copper product, is air-drjed in heaps and loaded
in bulk on trucks when sold. The raffinate from the SX circuit is depleted in uranium but con-
tains copper dissolved during the uranium leach of the copper sulfide concentrate. This copper
is recovered by cementation, in which powdered metallic iron reduces the copper ions in solu-
tion, precipitating metallic copper. The precipitated copper is combined with the copper su1-
fide fraction as a constituent of the final copper product.

3.2.3 Non-Radioactive Wastes and Effluents

3.2.3..| Gaseous Effluents

A number of non-radioact'ive gases will be emitted to the atmosphere during ore processing,
notably kerosene and organic solvent vapors, C0, C0z, S02, and water vapor. Table 3.2 shows the
plant sources, emiss'ion points, and em'ission rates on a volumetric and weight basis for these
gaseous effluents. Water vapor and C02 account for bulk of the total gaseous releases.

3.2.3.2 Sol id EffIuents

Aside from the tailings, soljd effluents from the mill will consist of airborne particulate
emissions in the form of road dust; particulates not captured by dust collectors during ore
crushing, sampling, and storage; product particles of drying and packaging; dust from the vana-
dium fuinace; and-windblown particulates from ore stockpiles and dried-up areas of the tailings
pond. Table 3.3 lists these'particulate emission sources, with their corresponding locations
and emission rates.

The character of the particulates from the dust col|ectors and the windblown road dust wiII
depend on the mineral composition of the ores and the local soils. The chemical composition of
particulates emanating from the prnoduct packaging and drying areas and from the vanadium furnace
wltt Ue identical to ihat of the'uranium and vanidium products themselves. Typical analyses of
the uranium product (yellowcake) and vanadium product are given in Table 3.4.

3.2.3.3 Liquid Effluents

The m.illing process generates several liquid effluent streams that are ultimately disposed of in
the taiIinls'pond. ihese combined eff'luents.consist of an aqueous med'ium containing dissolved
and undissolved ore solids, excess reagents (such as the free acjd from the leaching process)'
and any remaininq dissolved radionuclides. Table 3.5 lists the various liquid effluent streams'
in"ir "e,ointr of 6r'igin in the m'i ||, and discharge rates on the bas'i s of their solid and liquid



Tab'le 3.2. Gaseous Effluentsa

I b/dav

Emission stack Distance to

Rate, Heisht, ptant-saundar.v, rt o#lli.d [t53;:li.
cfm ft N S E }l per Day Solvents C0 HzO COz S0z Hz laneous

Mi scel -
Source

Alkaline Leaching 5,500 60-75 600 2700 1500 3200 24
(preleach tanks)

Copper Cementation 120 75 900 2500 1200 3400 24

Copper Leach Tanks 1,100 75 900 2500 1200 3400 24

Peroxide Precipitation 70 65 1000 2500 1300 3300 24

C02 Removal nb 75 9oo zr oo r zoo 3'l oo ?4

Acid Leach Tanks 11,000 65 600 2700 .|500 3200 24

Acid Mix Tanks ],000 65 600 2700 1500 3200 24

U30s SX and Stripping - - 1000 2700 1400 3100 24 90

V20s SX and StrippinS - - 1000 2700 1400 3100 24 90

o .023d

2'10-6 20 0.ool
0..|5

0.004

i ,966

1.5

0. t5
o
I
or

Iron Reduction

Boi Ier Stack

Laboratory

1350 75 9oO 2600 l30o 3300 24

7,600D 65 800 2800 l5oo 3200 24

65 700 2600 1000 3500 I

t7

Tailing Pond Evaporation l4,00ob'd o soo 5oo 700 l5o 24

63,oOOc 102,000c

960,OOOd

2.5

aFrom 
SAR.

bAt I .tr., 15.5o Celsius.
cThese numbers do not reflect the absorption of C02 and H20 in the carbonation tower, and are therefore too high.
dYearly average.



Table 3.3. Airborne Particulate Emissionso

Emi ss i on
ndLEt

cfm

Stac k
He'i ght,

ft

Hours
0perated
Per Day

Parti cul ate
Rates ,
I b/day

Measured
or

Estimated
Di stance to Pl al!-lqUggltt _I!-

Source

Dust Col'l ectors

Road Dust

U30s Product Packaging

U30s Product DrYing

Vanad'ium Furnace

aFrom 
SAR.

b0perates one daY out of every two.
cThe only road dust generated by plant operat.ions is that caused by the tailings pond operator during his once per 2-hour inspection of the

included. Emissions from the sources cannot be quantified because (1) no dust'iri""qr..t periods of higher wind velocities' dust becomes airborne over the

66 ,400

350
'I ,480

5 ,000

5- l0

70

70

70

300

I 000
'1000

900

3400

2500

2500

2600

I 800

I 300

I 300

I 300

2900

3300

3300

3300

a

U.IZO
A7

12

t0

24

t+
h

24"

24

M

M

M

E

I
!taif ing disposal area.

(Dust from the tailinss pond and the ore stockpi]9: l1Yt,lg!-lt"n
is qenerateA during p6ribOs of low wind regime, 9nd (?) during the

..tir!"i."iirnl-*if.inb-u.curate sampl ing of emissions impossible. )
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Table 3.4. Typical product Analysesa

Uranium Product (Yel lowcake)

Us0a
Vzos
P0,*
a1-

F

Mo

S0,*
Fe
As

%

95.22
0.3
0. 03
0.0l
0.01
0.0?
0.7
0. 09
0. 0i

%

Ca 0.05
Na 0.25
B 0.001
K 0.02
si02 0.9
Ti 0.01
Ms 0.0.l
Zn 0..l
cOe 0.02

Vanadium Product

vz0s 98.5
Na20 0.5
Fe 0.35
si02 0.6
As 0.02
P0,* 0.0]
Mo 0.01

From "Response to NRC Queries of
October 28, 1976 for the Uranium Mill
of Atlas Minerals Division of the
Atlas Corporation at Moab, Utah,"
Atlas Minerals Division, December 9,
1976.

Table 3.5. Sources of Mill Liquid t.lastea

%

Stream Mill Section MT/day Liquids MT/day Sol ids MT/day

Fi I ter cake

Raffi nate

Filter cake

Raffi nate
h

Decanted tail ings"
pond water

Acid tailings wash

v20s sx

Alkaline tailings wash

Copper cementation
Mi11 recycle and

repul p

Tota I

218

I 090

218

8

544

523

1067

762

I 090

741

B

l3t 0

391 I

1310

2844
aFrom SAR, Figure 3.1-2.
bDecanted tai 1 i ngs pono
to the tai1 ings pond.
MT/day.

to the mill circu.i t and to tailinqs
liquid effluents to tailings pond =

sumps and recycled back
2844-13.10=]534

water sent
Net flow of
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cohtents. Because the products recovered by the milling process represent a vary smal'l fraction
of the ore mass, the amount of solids in the tailings stream is approximately equal to the ore
feed rate plus part of the reagents used in the proiess. The expected composition of the
tailings pbnd liquids is given-in Table 3.6, based on the analysis of a synthetjc raffinate that
reflects proposed modifications in the uranium milling Processes.

Table 3.6. Expected Composition of Liquid
in Tailinqs Pond'

Component
Concentration In
Tail ings Pond

Ra-226, uCi/ml
Th (nat.), uCi/ml

Cl, g/l
S0r*, g/l
As, g/l
TDS, g/lb
UgOe g/'l

V205, g/1

'I 
' l0-7

0.05 x l0-6

0.3
't 00. 0

0.007

150.0

0. 002

0.3

aFrom 
ER.

bTotu l di ssol ved sol i ds .

3.2,3.4 Control of Non-Radioactive Mill Waste and Effluents

Gaseous and Particulate Effluents

Each major building within the mill has natural-draft and powered exhaust ventilators to control
the level of fugitive dust in the work areas. The powered exhaust fans are mounted on the
roofs, and the iatural-draft ventjlators are long, protected openings located,at the crest of
each building roof. Dust generated from ore crushing and movement is controlled by bag-type
dust collect6rs at the cruiher building, at the fine-ore storage feeders, and gt the samp'le

tower. A collection efficiency of 99%-is reported for these collectors. Wetting agents.are
used to minimize excessive dusiing when dry ores are being crushed. Similar'ly, ore grinding is
conducted on a wet basis at ambieit temperitures to eliminate significant emissions of dust or
fumes. Ajrborne particulates from UgOe product dryilg and packaging are.controlled by the use

oi wet scrubbers with col'lection efficiencies of 99.16% and 99%, respectively' The vanadium

fusion furnace employs a dry-type dust collector with a 98% efficiency.

The copper-leaching tanks and the copper,cementation section are equipped with exhaust systems

io-Airiiput. evotvia gases such as Cb, C02, and S02.. The acid-leaching system employs collec-
iors ana'dem'isters to-contain chemicai emissions and to inhibit re]eases to the environment.
lfutr"if ventilation is used, where adequate, to provide dispersion of gases, e.g.' in the

release of trace hydrogen from the open EMF control tank.

Liquid and Solid Effluents

All liquid and solid effluents are impounded in the tailings pond' and are not-permitted to be

re]eased from the mill facility. tn hOOition to the tailings pond, other smaller ponds within
ttre-piint Uounaary are.used (l) to contain the Colorado River water solids extracted-by the water
treatment system, and (2) to'c6ntain any large spills that may occur during the milling process.
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Several design crjteria are followed to ensure the integrity and stability of the tailings pond
system. The ponded water js kept in a central location through the use of a centrally located
pumping decant barge and by moving the position of the discharge point to the area where water is
closest to the dike. To minimize the possibility of overflows and spills, the distance of the
pond edge from the embankment is kept at no less than l50 feet (45 m) except for the west embank-
ment, wh'ich is designed as a water-retention djke with appropriate drains and riprap protection
for wave run-up. Accurate control of water level is achieved by the centrally iocated decant
Darge,

The new west embankment is designed with sufficient safety factors (1.6 to 2.2\ to withstand
existing and projected static loading conditions, a maximum anticipated earthquake loading of 5%gravity, and the possibility of embankment liquefaction. The exposed surfaces of the tailinqs
embankment is covered with approximately one foot (30 cm) of "shale" material from adjacent -
hillsides to reduce wind and rain erosion of the slopes.

Past seepage from the tailings pond has been ca'lculated at around 1.7 gpm (l ' 16-+ m3/sec) per
acre of pond surface. However, future seepage rates are expected to be lower because the rate of
flow of water circulated to transport the tailings to the pond has been reduced from .1000 

gpm to
200 gpm (6 ' 10-z to I x ,O-z 

'ns/sec), 
reducing the quantity of water flowing over the mor6'

permeable "beach" tailings. Also, sealing is postulated to have occurred due to mixing of the
tailings from the acid- and alkaline-leach c'ircuits resulting in the deposition of gypsum'in the
tailings pond. (Sec. 3.2.6.5 is a discussion of future seepage. )

Sanitary and 0ther Mill Waste Systems

Sanitary wastes are treated in a 3200-gallon (.l2,000-i) septic tank and leach-field system, both
approved by the Utah State Board of Health. A commercial operator cleans out the system annually
and trucks the residual sludge to the City of Moab Municipal Sewage Disposal P1ant, which pro-
vides primary and secondary treatment, in accordance with Atlas' contract with the City of Moab.

Used lubricating oil and grease, amounting to about 500 gallons (1900-1) per month, is collected
from al1 gear boxes, motorized vehicles, and lubrication points throughout the plant. The
material is stored in a 4500-gallon (17,000-l) tank prior to shipment in 4000-gallon (.l5,000-l)
lots to a Salt Lake City refinery for reprocessing.

Laboratory and other solid wastes exposed to radioactive contaminants will be collected and
buried in the tai1ings pi1e.

3.2.4 Radioactive Wastes and Effluents

In the following sections those steps of the milling process that yield radioactjve effluents are
described and release rates are analyzed using available data from similar operating plants,
staff site inspections, and measurements taken at similarly operating plants. The estimates of
potential release are adjusted to a 20-year milling period to allow for future operations and to
assure that all estimates are sufficiently conservative.

During previous operation, ore from the Atlas mi'l'l has contained an average of 0.25% U30s for
the acid-processed ore and 0.20% U308 for the alkaline-processed ore. In the future, due to
decreasing ore quality, the percentage of U30s will decrease, rlaking the calculations in this
section conservat'ive as regards future operations. Under radioactive equilibrium conditions the
ore contained an average of 700 pCi/g in the acid-process circuit and 560 pCi/g in the basic-
process circuit of each of the radionuclides U-238, U-234, Th-230, Ra-226, and Pb-210.

The principal natural isotopes of uranium, U-238 and U-235, exhibit separate radioactive decay
series. The concentration of U-235 in natural uranium is 0.72%, and the activity of this series
in the ore is approximately 34 pCi/9. In the U-235 series, the only long-1ived radionuclide is
Pa-231, with a half-life of 3.43 * 10+ years. The quantity of radioactivity re'leased by the U-
235 series is small in comparison with amounts from the U-238 series.

Figure 3.3 depicts the pathways for dispersion of radioactivity to air, surface water, and
groundwater from mining and milling operations. Parameters used to derive the source terms
for the radiological assessment, and the source terms themselves are listed in Appendix C-1,
Tables C-l.l and C-1.2. The sources of radioactive effluents from the mill are (l) the ore pad,
crusher, and grinder, (2) the yellowcake dryer, and (3) the taifings.
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Fiq. 3.3. Radionuclide Dispersion from Various Mi11 Operations to Air
"J'-'-- and Groundwater at the Atlas Mill'

Transportation of Ore to Mill

All of the ore wi'll be shipped by truck... The main transportation route will be over a 200-mi'le

seqment of road, with the average haul ditiui.l-U.ing 80'miles' The concentration of radio-

aciivity.in the o"" ir-io"-una 6r. spiffe-i-irom itri[U"At durinq transportation will be a smal]

source of radiat.ion. Howe.ver, spillage r.or'i'rr"-trrl-ni wi ll.cofiorise naturally occurring ore in

large, moist aggregut.l-*f,i.t'-"iit noi U".".iii,-lriptnatO in air' The release of particulates

to air w.ill be tow and wil'l therefo"".ontriiii"'fiiii" io the overa'll emission of radioactivity

from miI1ing activities.

The applicant has extended his gaffina radiation survey.to ore-haulage roads'' The ganma dose rate

measurements on the haulage roads were .oi"tignililiitiv oiir"t"ni"tttun background gamma dose

rate measurements in the area'

Ore Pad, Feed to Mill, and Ore Grinding

During normal operation, approximately 1'1,000 tons.(10,000 MT) of ore are stored on the ore pad'

The decay of Ra-226 in ir,"'6r" producls ni:zzz-iria.n-6ii),^"t'i.h is released during the storage

period. Storage to"'t.n"iuis-"6rriis ln if'"-ptdAriiioi-oi'ASZ ot tt'" secular equilibrium activ-

ity of Rn-222, zoz or"i'rriii"is iuiituur" io.;;i;;;;.- oi.uris avai'lable 20%, partial release

occurs on the ore pad while the remainder;;;;i;;;A during subsiquent ore feeding and crushing

operat.ions. The o.e-q;inaing process anO itre'iioie interfui"-tniintiined between liquid and so'lid

phases durins tne realirilig"dioilr!"*iri-;r;;;.;;-;i" "iaon-i"r"is. 
i"o* the ore, but wi'll simul-

taneously decrease tie Oiiflslon coefticieit-io. "iOon. 
fne siiii estimates that the tota'l radon

released from the combined opera'uions of;;; tii,.li!,-i""$ips, ittO grinding will.be about 50

C-r/yr. This rate.orr"tpo"Al-to normat .eieas" fr6m I x 106 m2 of natural terrain'
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The average annual radionuclide release-from-ore^storage, feeding, ang grinding is computed tobe less than l0 mCi. each of pb-210, Ra_226, fn_2g0,-ani-U_Zit. Lxcepr ror radon, most of thjsradioactivity will be associatea wittr targe-diameter ausi pirt'ic1es that will not contribute toradioactivitv outside the mirl boundary (i.e.,-lte-rn..tiriit"a area). siorea ores are dehy_drated during dry seasons, and if ttre iuifacei u.. rn.Ju.r"i, th.r. ores become potential sourcesof dust' However, because of the light wind-i"gi;.-;;-i;;"i..u, fugitive dust generated by windblowing across exposed ore is.not exiecteg-aq bg;-p;i,uil,i."'Nevertheless, shoutd windy condi-tions prevail, the ore pads will be sprinkled with;ui;rl; minimize dusting (App. c, Table c-2..l).

Leach i ng

The leaching operation is a wet process that does not contribute to the emission of particulates.Because of the short transit timb (less than one aiyi oi ih"'o.. through the mill circuit, thisprocess releases little radon to the envjronment.

Uranium Concentrate Dry.ing and packaging

After uranium_precipitation and extraction, the uranium concentrate will be dried at 650" to800'c in a multiple-hearth furnace. The dried produci 
"iir-u" passed through a hammer mill forreduction to powder 9nd/or granules approximateiy 0:,5 init' in sit". The product (yellowcake)will be about 96% U30s.and iontain aubirt sz ot tire-rn-zgo,'li or the Ra-226, and 1% of thePb-z10 originallv in ihe ore. Emission of partiiutai";-;; iiie atr during uranium concentratedrying.and-packaging is controlled by wet scrubbers with-etii'c.ienciei oi'sg. le%-ina gg%,respectivelv. The calculated concenirations of u30s in ilre'arying ira-paitigi;g scrubber dis-charges are 7.52 mo U30s/m3 and.0.B mg u30;/ma, idiie.tiuel.y, tt,. product is packaged in 55_ga1lon (200 l) metil drims, each coniiining about Bi5 lb (3i0 kg) of the product. This packaqinqterminates the potential ror uncontrolled ietease or rioidiciiuiiy-;ni;; ;;;ili";p.;;iid";;ffiiiY"rr.

Radioactive Liquid Waste

The water for the milling operations will be drawn from the colorado River at a rate of 121 gpm(241,000 n3/vr) (sAR, Fid. 3.1-2, Mit."iut saranie). -in-.oniiust 
to past practice, a, processwastewater will be discharged to the tailings ponai no-aireli'oiscna"ge to the colorado River ispianned. Most of the uranium in the ore wjir b" "*tri.;;-i; the process, and only six percentwifl be left in the tailings. Almost all the Ra-226 in the ore is'retained i; ih;"tailings andwill be carried bv the disiharge water to tt'" liiiingi d;;."'About 450 mci of Ra-zz6 wit.l besent to the taiiings pond dai1y. Most of the radium"wlir ue insoluble, but approximately 135 uci9f.!!" daily output wil'l be soiuble. Decant water from the taiiings pond-wiii"Li"useo tortailings transport. since radium is larcely heid in in inioiror. io.m.in tne tiitings (onlyabout 0.03% of the available radium is s6tu'ute in ttre-iaiiings water), it wiir-not be a sig-nificant source of surface water contamination.

some seepage will occur.from the-tailings pond to the colorado River. The maximum leakage rateis expected to be 50 uci/day of Ra-226 it bg snm-(ioo il;;;): The minimum flow rate of theco'lorado-Rjver is expected lo be 558 cfs. eaiba dn ilre'maximum leakage rit" oi hi-zzo unaminimum flow rate of the river, the concentration of na-z2a in tn. colorado River will be3'7 x lQ-l1 uci/ml' which is below the MPC oi r " io-iluiilri. .It_is "xpeitea'ir,ui ion-.*changeduring seepage through the soil will further decrease ttre amount of Ra-226 lost to the coloradoRi ver.

Tai l ings

The.existing tailings dam embankment system covers a surface area of ll5 acres with embankmentsup to 75-feet high, and contains 7 miliion tons.of ta'ilinti. A minimum oi q-riilion tons (3.7million MT) additional tailings are to be stored in the pdna rvrl"r ttl"-iigt."2'.3"and 2.4). Toacconrnodate the additional.tailings, supplemental tailings Jilis and a starier dike (along thepresently open western portion of-the pbha) witl be buili. -Tiie 
dam structure, exiiting anoplanned, will conform to standards designated by the American National standards Institute (ANSI

!lli:,nto) 
on 20 June le74, and cited ii USAEC i{esuiai.'v erio. j:r3;i;;;; uinni Res. Guide

The movement of groundwater under the tailings embanknent section (and the mi11 site) is towardthe colorado River, with^a..gradient_ranging irom t5 to 30%.--A.rors the river, the groundwatergradient from the city of Moab is also in lhe direction oi il'"'"iu".."-rt"r"ii".,"ti.l.." wil.l beno transfer of groundwater north of the river to aquifers souitr or the river.- iimiiarty,groundwater north of the mill, e.9., at Arches National Monument, would not be afiected by anymil l activities because of the diiection of the 9"ornorut""-frialent. The current estimate ofthe average seepage rate is 1.7 gpm/acre.



The tailings will be approximately 38% sol ids
of solid Th-230, 540 pci/g each of Ra-226 and

by weight and will contain approximately 5.l3 pCi/g
Pb-210, and 27 pCi/g each of U-238 and U-234.

Air samples taken three feet above the surface of existing tailings piles at_other,mill sites
have shown average airborne radon concentrations ranging from 3.5 to l5 pci/l-z Similar con-
centrations are anticipated over the exposed surfaces (dry beaches) of the Atlas tailings piles.
The amount of radon reieased from the soil is dependent on atmospheric conditions and on soil
porosity, compaction, and moisture content. The maximum expected concentration will be 2 x l0q
pCi/m3 immediately over the tailings beaches.

During the active period of the mill, the radon release will be proportional to_the relative
areas of beach and liquid surfaces and to the depth of the tailings deposits. The radon release
rate at the end of millinq operations is estimated to be 5000 Ci/yr' based on 50% of the future
total tailings retention irei of 4.7 " l0s m2 being covered with taiiings solution. Since the
diffusion length of radon through water is estimated to be only 1.5% of that through exposed
tailr'ngs, the contribution from tailings covered by solution will be a small fraction of the
total release rates.

Existing or anticipated tailings-management practices at the Atlas mill are subiect to findings
of the iorthcoming NRC Generic-Environmental Impact Statement on uranium milling and are subject
to revis'ion in aciordance with the conclusion of the Final Generic Statement and related rule-
maki ng .

Transportation of Uranium Concentrate

The fjnjshed product is a mixture of essentially pure uranium oxide (U30s) in-the,form of
po"a"r oi g"ahufei less than 0.25 inch in diameier. It is packaged_in-55;9a11on_(200-l) steel
brums, whiih are sealed for shipment. Each drum weighs approximately 

.l000 lb (370 kg), and

about 'l200 drums will be shipped each year.

411 shipments leaving the mill are made by truck.

There is no measurable release of radionuclides from the steel drums. However, about 2 mR/hr

are produced at any edge of the truck bed.

3.2.5 Stabilization and Reclamation of the Mill Tai lings A

At the termination of milling activities, the appficant proposes to decontaminate the process

equipment, selling it for reuse or as scrap metal. Mill structures will be put to other bene-

ficiit use for other activ'ities if possible; if this is not possible, the structures wil'l be

removed, the foundations leveled and the entire mill site will be decontaminated to meet NRC

requirements for release for unrestricted use.

0nce the mill is decommissioned, the applicant will initiate a physical stabilization program to
r"Ou.. potential wind and water erosioh of the tailings-retention area. Reclamatjon will begin
within tro years foliowing mi'll shutdown, allowing sufficient time for the surface water to
evaporate fiom the tailinls pond. The pile would then be shaped and contoured in such a manner

that the sljme taillngs will'be covered'by at least five feet of non-slime (sand) tailings and

that water runoff froil the pile to the siies will be facilitated. The tailings would be capped

with clay imported from offsjte, then overlain by si1ty, fine sand obtained from the site and

one foot of topsoi'!.

The clay cover as modified by staff ca'lculations raould be 'l .75 foot thick over non-s'l ime areas'
ani 2.O"teet thick in areas where five feet of non-slimes overlie the slines. The silty' fine
sands vrould be 4.0 feet thick in the non-slime areas and 4.3 feet thick in areas where five feet
of non-slimes over'l ie the s'l imes. The area rculd then be revegetated with plant spec'ies appro-
oriate to the area.

The estimated cost of the proposed stabilization plan is $3.3 million (1977-do]lq"t). The appl-i-
.iiion oi ttre clay cap ii intbnded to reduce infi'ltration of rainwater and leaching of the tail-
ings ioifo*ing stiU'itization. (There rnould rsnain, however, the possibility that_p1ant roots
.oiia p"n"i"ii" to ttre-iiiiings.) Wind and water erosion of the tail ings uoqlq be-control'led.
There rnpuld also be a reducti6n in gamma radiation and radon release to specified levels while
tne appiirance of the piie r,putO be"enhanced relative to its immediate surroundings. Any future
recovery of minerals in the tailings vould be relativel-y easy.

The staff also po.ints out that information contained in the Generic Envirormental Impact State-

ment on uranium milIing, to be r,ritten by N89, could-modify or change the applicant's.approach
to stabilization. ffrli'siitonent,-rfict'"wii'i'pioUaUtv be icnpleted-in 

.l978, will contain the
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results of research presently in progress which is designed to assess the impacts of uranium
mill tajlings ponds and piles, and the means for mitigating any adverse impacts. The NRC
licensing action on the Atlas rnjll wjll be subject to express conditions that approved waste-
generating processes and mill tailings management practices be subject to revision in accordance
with the conclusions of the Final Generjc Statement and any related rule-making.

The applicant will be required to make surety arrangements to cover costs of reclaiming the
tail ings disposal area and of decomrnissioning the mi l l site.

At the present time, the NRC requires that, upon termination of uranium mi11 operating licenses,
the land on which the tailings are stored shall be subject to the following specific restrictions:

l. The holder of the possessory'interest will not permit exposure and release of tailings
material to the surrounding area.

?. The holder of the possessory interest will prohibit the erection of any structures for
occupancy by man or animals.

3. Subdivision of the covered surface will be prohibited.

4. No private roads, trails, or rights-of-way may be established across the covered surface.

The need for the construction of permanent fencing around the tailings pile area and the instal-
lation of permanent warning markers will be decided at the time of plant shutdown on the basis
of results of ongoing reclamation and stabilization procedures. Discussions of alternative
methods of managing tailings and of alternative reclamation objectives are presented in Sec-
tion .l0.

3.2.6 Mill Decommissioninq

In addition to the stabilization p1an, the applicant must submit a general plan for decommission-
ing of the processifg facilities and ancillary structures. However, the NRC does not require
submission of detailed decommiss'ion plans until near the end of the useful life of a project.
Prior to termination of the license, the applicant will be required to submit more detailed
information. This additional information wjll include data from radiation surveys taken at the
site and plans for any mitigating measures that may be required as a result of the radiation
surveys and NRC inspection. Before release of the premises or removal of the buildings and
foundations, the licensee must demonstrate that levels of radioactive contamination are within
limits prescnibed by the NRC and the then-current regulations. Depending on the circumstances,
the NRC may require that the applicant submit an environmental report on decommissioning opera-
tions prior to termination of the license. Additional details on deconmissioning alternatives
will be included in the NRC's Generic Environmental Statement on uranium millinq.

References for Section 3

l. "Stabilization of Uranium - Thorium Milling Waste Retention Systems," Regulatory Guide
3.23, U. S. Atomic Energy Commission, Directorate of ReguJatory Standards, Washington,
D. C., November 

.|974.

2. "Evaluation of Radon-222 near Uranium Tailings Pi1e," joint report of the U. S. Dept. of
Health, U. S. Atomic Energy Commission, Colorado State Health Agency, and Utah State Health
Agency (available from Supt. Docs., U. S. Gov't Printing 0ffice, Washington, D. C.),
March 5, .l969.



4. ENVIRONMENTAL IMPACTS

4.I AIR QUALITY

Thepr.inc.ipalimpactonairquality.ofcontinuedmilloperat.ionswi.llbeanincrease.insuspended
particutate matter, priniipuifv fugitive auil iemoveO fiom the iuitingt piles and.carried bv the

prevailing winds. e..i;r.""ii irgiiit" dust becomes suspended durin6 higher wind speeds' the

staff selected stightly unstable cond.itioni"uni'ii.in-(2b k.ltrri winis t6 be representat'ive of

upper-.l.imit airfrow. 'ir1'lri"".".aiii".i o.irr'i.it"ql"ntiv in southeastern Utah') Dust re'lease

under these conditions is anticipated to U"-b.q fUlti-acre (O'q5-fg/ht-6u)'t According to cal-

culations made by the staff, the average unnrif increase in conien[i^ation of suspended particu-

tates from the wetted tailings will be I l,i;;' at ifre uoaU citv-iimits' The app'licable national

standard.is 75 ug/m3 [40 CFR, Section so.jil'j'r;"it.'prli.nt revet is 25 vs/n3. Additiona'l

sources of particulates are fugitive autt i.6it't6e-Olst collectors' the packaging and drying

operations, and the ,i.uOirt iirnu.". ff'"'au".igt innuat.suspended particulate concentration

from these additional sources is calculated-bt it; staff to-Ub-i uglh3 a! !l'e lloab citv limits'

ior.-t"iiraaaitionir'Ylii'itt;;i;:';i;,;'p.;;;o"ii'iiJ'rii'*uii"'atthet'roabcitvlimits'
Additional possible sources of impact.are gaseous eff'luents from plant operations' The maximum

annual S02 concentruiion i, calcuiated UV if'."ti.fi t9-0" O'f uq/m3 at the Moab city limits'

whereas the appli.aOie-naiionii itanOara ii'eO-rSl*t-i+O-Cfn,, Section SO'4(a)l' gther gase0us

effluents from the milling operations..oriO iito''Ue piesent, Uui are not expected to affect air

quuiiiv because of the sma11 outputs involved'

4.2 LAND USE

4.2.1 Land Resources

The 400-acre (.l60-ha) At'las l4inerals-property has been.altered in part since 1956 by the pres-

ence of the m.ill. About 200 acres (80 r,.j Ji ih. oiiginar sagebiush-grassland-have been dis-

turbed. Continued operation of the Rtlas'mill would not require itre iisturuance of additiona'l

lands beyond tne apploximately 200 u...r'(Ad'f,ui-pr"t"nify iommitted to the proiect' The area

devoted to the mill itself would ne rectaiilO iitltt operaiions cease' but the llS-acre taiIings

area, under presenr reclamation plans, rrii-[.-.ontidbred unavailable for further productive

use.

4 .2.?

The continued operation of the mill does.not
in-il'. lruiional' Register. Any archeological
riri it in operati6n have been by now highly

affect any historical or archeological site listed
or hiitoii.ul remains located in the area where the

disturbed or destroYed.

4.3 WATER

Bym.idlgTT,allliquidWasteswereimpounded.intheta.i.lingspond,thuselim.inating"ll.iil.u.u.l
;ir;;;d;'ii.iirr"ilii-iiii" iny surfacb "ui".t. 

(For a discussion of seepase' see:

This plan is in compliunl.-tiii' i tegat .gt""*i.t'tttu'"tn.the Atlas Corporation and the U' S'

Env.ironmentat protection Agency by which $;;ifi wo'ro aoopt toiir coniainment by I July 1977'

S.ince direct discharge of effluents to the Colorado River has been eliminated' future changes in

the quality of tne giounawater and riu." 
"ui.r-reiu'lt'ing 

from milling operatiol: 9an be attrib-

uted to seepage from the tailings pold. it'.'op".uiio! gl-lht.icia t6ac't' circuit is expected to

increase the TDS of the tailings pond water"t;'ibO-;7i irni, uri the resulting^deposition of

qvDsum in the tairings pond w1ll reduce t".pJi"'il.ibrtio ii ze-gpm or 5' 1g:3.63/sec for the

Bi!"liriii,""r"iir, tp.rhtions) uv promotinil:;l):iJ, *l;ftffil..io?:tli,.;.'!ill'lionllimoJeraietv high salinity, ranging from 20t

iri."ui" in sitinitv d;;'to s6epige is expected to be small '

4-l
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calculated increases in TDS content of colorado River water, based on the seepage rate of zg qpm(5 " l0-: m3lsec), are 8.s ppm ano-+o.o_ppm for.the r.Jn io";i;;;;i.;;r":b[i'.r, (82 ms/sei)and an instantaneous tow rivbr rtow ot-sbii .ri.tio-r57i..jl"""rp..tive1y. Under conditions ofnormal flow (7711 cfs or 2.|8 m3lsec), the added'.on."Li.iiion will be 3.37 ppm (Ref. 2, responseto Q' l5)' which is considerea iniiiniiicant. p..i"ii-ri*i;g between groundwater and river
il:ffi: 

tt assumed because the groundiater wilt enter-ihe ri'u"" arong several hundred feet of

concentrations of arsenic-are expected to be.negligible when the seepage mixes with the riverwater' However, arsenic levels in the groundwaieri couto exceeo the Utah state Division ofHealth's mandatorv limit of 0.05 ms/.l. -rhe uppricini-ioial.tr frequent analyses of the arsenic
i?i;ilTiii"i: ll,t|;,::l'lin;"::il.lf " urb'monitor-;;ii;." Ailil;;;.il"i'"ili,.,t ot tne pona

4.3. I Surface Water

Approximately l2l gpm (24i,000 n3/yr) of water is withdrawn from the colorado River for makeupwater use in the Atlas mill (sAR, Fiq. a.t-z). it'ii-ii Jniv'auout 0.0035% oi lh" average riverflow (77]1 cfs or 218 m3lsec) ani au6rt-0. oEi"'or';i; ;iril;', rrow tsse-ci, o" iii-r,zrec); thus,no impacts on surface water use are apparent or expected (see Fig. 4..l).

4.3.2 Groundwater

No groundwater is utilized for any mi.ll operation; therefore, no adverse effect to groundwateruse is expected' Also there is n-o adversb, impait'on g.ornd*itu. quality due to seepage from thetailings pile (see Sec.4.7.4.1, lrlater pathway)

4.4 MINERAL RESOURCES

The only major economic mineral resources identified in the region of the Ailas mill are uranium,oil' and potash' A1]-l:: u9]19=gct]veiv exploited. no""u"r, because these operations are not
;:r:i:;:ffi:iate vicinitv, coniinued opiration or tne miii-"irr niue-no il;.;;'lirect on their

4.5 S0rLS

4.5..| Physical Impacts

Earth moving associated with the initial construction of the mill buitdings and associatedfacilities has probably destroyed any pre-construction soil profile. In the opinion of the)l3ll:-.ly such. impact was inconsequiniiit il;r;;, -ir j"irl"'roils adjacent to the rnil site(except toward the colorado River) appear to be of r"i.nt-lotiuvial (slope wash) or.igin and areapparently stitl accumulatins (seir sbt. z.a), ind ()i-;i;; ioii, or tde mil ait; iere probabtymembers of the great group Torriorthents and had ritire o"-no development of pedogenic horizons(see sec' 2'8'2)' construction activitie: 91d subsequeni 
"p...iiJril"i"j'ri.i."ili|'prooabrycompacted the soit, but in the.judgment of tt" iiiii]-i1. ifii..t of th.is compaction is m.inorbecause of the lack of.pedogenii aE;eiopient and the likelinSoa ot naturat mitigating inftu-ences' such as the active accumulation br 99nuvium. Tti;s;;i-p;.rii.-ii'th;";;i;rss pond sitehas been irretrievably buried unaer ite-iailings.

The acreages of soils affected are shown in Table 4.1. The magnitude of the impact is bestassessed by restricting the analysis to the Moab-and ipanitr' iaileys because adjacent plateauareas are covered with a very thin residual mantte irril;;";.i comparable to the deep a11uv.ia.land colluvial deposits in.ltg uqllev (see sec: ,.B.ii:- iiriiu.lv, the marshland and r.ver havebeen excluded because of their aissimiiiiity to irre..ruini".-of the valley f1oor. As an indi-cator of the agricultural potential of thesL so.ils, cultiviiea soils compr..ir. ieSO acres (765 ha)of the 6989 undeveloped acres (2828 ha) in *,. uoau ino ip.tliirr varrevs iii;ir';;; mites (16 km)of the mill, or about.zo% ot ttre iolirj bv contrast, no ioili derived from residual man'ewithin ten miles of the mill are cultivateo. The st;ff aoei not find evidenc;-ih;i the opera-tion of the miil has increased or wilr inirease soir erosion ii tn. mir site.

4.5.2 Nonradiological Chemical Impacts

Analysis of data from.several years of chemical.monitoring (sAR sec. 2) reveals that the allu-vial deposits along the coloraio n'iver il-Noab have nitrrir'c'rrioriae and sulfate concentrationswhich vary randomly from a few hundred pfm to over ten ttrousina pprn.



MKEUP WATER USAGE
(RrvER HArER)

121 gpm (241,000 m3/yn)

+-J

CIRCUIT DISCHARGE

.t60 
gpm (3I8,OOO mr/yr)

EVAPORATIONA

196-686 acre-ft/yr
(243,000-850,000 m3/yr)

PRECI P ITATION

67 acre-ft/yr
(82,600 m3/yr) TRANSPIMTION

r0

RUNOFFb

67 acre-ft/yr
(82,600 m37yr)

48-166 gPm

(95,000-330,000 mJ/Yr)

aEvaporation and seepage from the tailings pond wil'l depend on,the actual surface area of
tiiiingi iotution elp6iea (ine numuers |uoleo are based on a z8-acre pond).

bA port.ion of the tailings pond is not diked to divert runoff water, and it is estimated

init tn" runoff area aliowed to drain to the tailings pond is approximately equal to
the pond itself.

c54 acres is the maximum recormended limit of the ponded water'

Fig. 4..|. Solution Balance for the Atlas Mill.

Table 4.1. Acreages of Soils Disturbed at the Atlas Mill Site

Acres Hectares % of Valleya

SEEPAGE

Mill

Tai I i ngs

Cul ti vated

Total built upc

Rangel and

ayithin the ten miles of mil'1, excluding marshlands and the Colorado

Ri ver.
blncludes associated facilities, except the tailings pond'

cTotal disturbance due to buildings, roads, etc., in l'1oab and Spanish

Valleys, including mill and tailings.

85

lls
't 890

2140

8336

34.4

46.6

765. 5

866. 7

3376. I

0.7

1.0

't6.0

't8.1

64.2

TAILINGS POND

54 acres (22 ha)c

Ranoe: 28-98 acres- (ll-40 ha)

281 gprn (559,000 m3/yr)
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Comparison of TDS, chloride and sulfate concentrations from sample locations; (l) between thetailings pond and the river, (2) withjn the tailings sands, and (3) from a site ioout 0.6 mile
upstream from the tailings pond do not indicate that either tailings seepage or wind b]own tail-
ings are increasing the natural chemical concentrations found in tie arei ilong the river.
Analysis of sample results (Tab1e 4.2) conducted in September 

.|977 indicate that for five metals
known to be in the tailings pond liquid in significant concentrations, the concentrations foundin samples 0..| rnile downgradient frorn the taiiings pond are tower than half of the concentra-tions found at a site 0.6 mile upstream and at a similar site over 25 miles upstream.

Samples will be analyzed quarterly from the area between the taitings pond and the river and
from sjmiiar sites unaffected_by_seepage from the tailings pond. Tienb analysjs of the concen-trations of K+, Na+, cl-, s04=,.N03-, cu, Fe, Mn, As, s"] ai well as pH, ros"ina ionouctlvtiywill be performed to determine if seepage is increasjng the chemical concentrations in thegroundwater. Alert levels for this analysis will be sub5ect to NRC approval and may be alteredwith NRC approval as sufficient chemical monitoring data are accumulated to establiih expectedvariations fron existing conditions. At any time that analysis indicates that contamination ofthe groundwater is occurring the operator will take mitigative action, subject to f'fnC approuai,
as required by the situation.

Table 4.2. Sample Analyses, September 1977 (a1i in ppm)a

El ement
Atl as

Taii ings Pond
0. I l4i Ie Nearest

Ri verbank 0.6 Mile Upstream
0ver 25 Miles

Ups tream

Al

Cu

Fe

Mn

Zn

I 043

8.5
'il 78

73

13.64

11.84

0. 0B

14.26

1.82

0. 065

17 .69

< 0.05

24.3

2.44

0.451

8. 5t

< 0.05

5.71

2.40

0. 063
aArgonne National Laboratory sample results.

4.6 BIOTA

4 . 6. I Te rres tri a'l

4.6. 1 ..| Construction Impacts

Virtual]v all of the present Atlas mill site-appears to have been occupied by a desert grassland(probablv galleta-three awn, see Sec. 2.9.1..|) brior to the construction ot ihe mlri (nEtl-2,- -
Fis. 1 accompanying Query No. 8). The staff estimates that a total of l94 acres (ze.d ha) oigrassland and six acres (2.4 ha) of riparian woodland have been disturbed (faOte 4.:). itii
represents approximately 43%_of the preexisting grassland and 1,4% of the preexisting woodland
and-marsh grasslands wjthin 0.9 mile (.|.5 km) of the present tailings pond. [This distance
includes most of Moab Va'lley north of the Colorado River, most of M6ab'Marsh, and almost no area
beyond Moab Va11ey.l

If the projected alternative evaporation pond is developed, an additional 20 acres (g.l ha) ofdesert grassland will be disturbed, bringing the total disturbance to 47.5% of the preexisiing
grassland within 0.9 mile of the present tai'lings pond.

4.6..|.2 Impacts of Fugitive Dust

The composition of fugitive dust from the tailings pond has been different from that of naturaldust, specifical'ly in leachable salts (see Sec. 4.5). The impact of these salts is aitfiiuit topredict. The.staff speculates.that.fugitive dust deposition has had no appreciable impact on -

the wetlands-(riparian woodlands and mirsh grasslandi) because of the dttirlion of the ialts bythe relatively abundant water and removal of the salts by the relatively high volume ot groun"O-
water flow. In the drier areas (shadscale_and desert grisslands), the iesuit ot oust aepoiiiion
has probably been a shift toward badlands-like communiiies,3 either due to simulated gypiiteiouJ
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Table 4.3. Vegetation Disturbed by Construction of Atlas Mil la

M,i IID Tailings Ponds

acres ha

Al ternati ve
TaiIings Pond

acres

Total
Vegetati on

Type
acresacres

8l .5

?5

85.0

33.0

1.4

34.4

'I I 2.5

2.5

il 5.0

45.6

1.0

46.6

20.0

20.0

86.7

?.4

89. I

2148.1Desert
grassl and

Ri pari an
woodl and

Total
300B.l

ustuff estimates.
blncluding associated faci lities, except the tailings pond'

condit.ions resulting from the sulfates and/or increase in total soluble salts (cf' Ref' 3)'
This induced shift in biotic communities ii analogous to allogenic natural successional change

tlr'irsl-i.-in ecologic succession caused by chang6s in the exlernal environment or habitat)'
ifii iyp" of succesiionai change could occ-ur as [uickly as about five years, or as-s1ow1y as

uuort "sb-v.urs. since ine miri operator is committed 1o control of fugitive dust from the

i;iii.st ir.u, no significant shiit in biotic communities is predicted.

The major possible impacts on fauna resulting.from fugitive dust are the potential bioaccumula-

iion oi-t'uuuy metals or trace elements to toiic conceitrations. 0f the known soluble salts in
ir,. trgiiit.'auii-iiulr.4.2), the trace element most 1ikely to bioaccumulate is arsenic'
p'lants apparengy u..irnrrui"'irilnii,t-*t,ich, in turn, can tuild up in the tissues of animals by

uu;t;i ih! rooa ir-rain. 
-nppi""niiv,-irsenic is not immobilized in the skeletal tissues of

animals.+

However, because the applicant is committed to dust control (Sec' l0'3'2), the future impacts of
this dust wil I be minimized.

4.6.2 Aquatic

As stated in Section 4.3.1, subsurface seepage from the tailings pond (at a-I9!e of up to 99 Sp*

;;;";"i0-,,i/5sqj mav reach the river by'nitural groundwater-movements. Although the tailings
,."pug. "itt .bntuin soluble sa1ts, and c-ould possibly contain toxic trace elements' the com-

bined dilution of the-ie.pug"-"iitt'giounOwater and river water will reduce concentrations to at
i.isi rZrooo of.initlai tbv6ts in tfie seepage.. Staff calculations indicate that maximum concen-

tration increases induced for all pertinehi"chemical parameters in the Colorado River at low

riu". ifor by taifings-pond s..pugb will be in the range of -r-1% 
to 5%. These increases are

w.ith.in ambient uuriuiioli. iheie"should be no detectaEle effects on indigenous aquatic com-

muni ti es.

4.7 RADIOLOGICAL IMPACTS

The sources of radiological impact to the env'ironment of the Atlas milling site-are the natural

,"uJiiiion-uuikground;i i[. uibi (s".. 2..t0) and the contribution of certain mill effluents'
The exposed populatioi.otnp"it.l itre worteii at the site, the public coming within the vicinitv
,i-L.'iiii ?;:!., ui niir'bt Nationat parr ino the colorido River), and the public within a 50-

mile (80-km)'radius of the mill.

4.7.1 Preoperational Radiation Environment

'Ihe preoperational radiation environment at the Atlas s'ite represented a combination of the

natural radiat.ion environment and radiation iesuttins from industrial operations. The natural

rad.iation environment is a result of cosmic radiation, cosmogenic radioactivity,-and terrestrial
;;;j;;;iiriii (ru.-jJ..-zloi. Rad.iation background it tne Atlas site is not arrected bv other

facilit.ies in the area because of the r"rol"n"ir of th. location from other sources of radio-

active materials such as the R.io Algom uni-union caruiae mills, 25 and 45 miles (40 and 74 km),

respectively' away.
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The jntensity of cosmic radiation is a function of altitude and_geonagnetic latitude. In Utah,
the dose equivalent due to cosmic radiation is about 65 mrem/yrs:]1 to the whole body. The doie
equivalent from cosmogenic radioactivity, primarily from C-l4, is about .1.0 

mrem/yr12-1s to
the whole body.

Terrestrial radiation is mainly from the primordial radionuclides K-40, Rb-87, and the series
originating in U-238, U-235' and Th-232. The concentration of these ridionuciides in the soilis dependent on the epigenesis of the area.16'17 The soil in the Ailas miil area is of the
unconsolidated beach sands variety. For such soils, the concentrations of U-238, Ih-232, Rb-g7,
and K-40 are, respectively, 1 pCi/g, 1 pCi/g, Q.7 pCi/g, and B pCi/gm.12 Rt a height of 3.2 ft(1 m)' the exposure rates due to these iadi6nucliabs ii6 14 mR/yr fiom U-238, 15 mil/yr from Th-232,0.5 mR/yr from Rb-87, and ll.2 nR/yr from K-40.12

The applicant has taken measurements of the radionuclides content and radiation levels of thesoil at 14 locations around the mill ranging to 8.5 air miles from the mill. Because the Ailassite is located at the northwestern edge of the Moab Valley, the measurement po.ints that are
most representative of the preoperational site conditions would be those farthest away, .i.e.,
within the val)ey, to the southeast. At a point 8.5 miles southeast of the mill, the radiatjon
dose equivalent rate was measured at 0.0035 mrem/hr. For the state of Utah, the'who1e body dose
equivalent rate has been estimated to be 0.0046 mrem/hr,11 equivalent to 40 mrem/yr.

The U-238 content of unconsolidated sands is estimated to be I p}i/5.12 Assuming secular equi_librium among the daughters of U-238 yields a radon flux of .t.6 pCifm2-sec.l8 Tie annual quant.ityof radon released from the total area of the Atlas project (1.62 ' 
.106 

m2) is thus about g2 Ci.
The concentration of radon in air is a function of atmospheric conditionsi ttre mean concenrra-tion is estimated to be in the_range of 500 !o 1gq0 pC:lql. t.lith normal background conditions,
a continuous exposure would deliver a dose of 500 to 1000 mrem/yrle to the sEgmented bronchi.

The annual average concentration (2! ug/m3) of particulates in Utah air will contain 2.5, l0-spCi/mr of Ra'226,.l.75 ' lQ-s p[j/prr of fh-232, and 2.5 " lO-s pCi/m3 of Th-230. The dose from
these particulates to_the lung, under normal conditions, would be about 2 mrem/yr, and the doseto the bone would be less than 1 mrem/yr.

The medical whole-body dose for Utah is estimated to be 75 mrem/yr2o per person. The U. S.
average for'1980 is estimated to be 86 mrem/yrll per person. Foi the Atlis area, the rad.iation
dose rate from the preoperational environment is estimated to be lB0 mrem/yr per person.

4.7.2

Radiation doses were estimated for both individuals and the general population living near theAtlas mill. These estimates were calculated on the basis of-recommendations of the international
Corrunission on Radiological^Protection (ICRPII)-" un! the report of the Task Group on Lung Dynamicsfor Committee II of ICRP.22 The following information was used in the aose caiiutit.ionsi

' Estimates of predicted radioactive releases presented in section 3.2.4,

' Site meteorological and hydrological considerations discussed in Sections 2.'l and ?.6, and

. Land-use information discussed in Section 2.5.

These calculations show that the radioactive effluents released to the environment from theAtlas mill wilI result in only smalI radiation doses to the public.

4.7.3 Exposure Pathways

The environmental exposure pathways that were considered in estimating the potential radiation
dose connnitments to man are shown in Figure 4.2. The estimates of doie commitments to man were
made for radioactive effluent discharges to the environment using actual locations and charac-teristics of the mi|1 site environs, and the actual pathways Oy wfricn members of the public can
be exposed to the discharges. Included in the staff's analysis are dose-commitment evaluationsof three effluent categories: 1) pathways associated with particulate releases to the atmo-
sphere, 2) pathways associated with gasebus releases to the atmosphere, and 3j puihruyt associatedwith seepage of liquid effluents to groundwater. For the Atlas mill, ihe pathwiys oiimportancefor producing the most significant dose commitments to individuals and populatio-ns are: '1) in-
halation of radon and daughter products, and 2) inhalation of radioactive.dust particles. 0therless significant exposure pathways are the ingestion of radionuclides in beef, and external
radiation exposure. All other exposure pathways contributed much less significant dose commit-
ments.
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TISSUES AT RISK

BONE (OSTEOCYTES AND OSTEOCLASTS)

BONE MARROW

SPLTEN

LYMPHOCYTES

GASTROINTESTINAL (SMALL INTESTINE MAINLY)

LUNG (NASOPHARYNX, TRACHEAL, BRONCHIAL

REG IONS. PULMONARY REG ION)

TISSUES AT RISK

WHOLE BODY

TESTES

OVAR IES

BONE MARROW

BONE

LYMPHOCYTES

SPLEEN

SK IN

SMALL INTTSTINE

Fig. 4.2. Exposure Pathways.

4.7.4 Radiation Dose Commitments to Individuals

A summary of the predicted doses to indivjduals at selected offsite locations where doses are
calculatld to be iargest are listed in Table 4.4. Estimates are presented for the significant
exposure pathways discussed in Section 4.7.3,

The highest doses received by individuals from the operations of the Atlas mill are expected to
occur it the Tex's Tour Centbr, a recreational boat landing several hundred meters east of the
mill site boundary, and at residences at the Arches National Park headquarters located 2.4 km

northwest of the mi I I.

The predicted annual dose commitments to an individual using Tex's Tour Center as a full-time
residence are 74 mrem/yr to the 1ungs,30 mrem/yr to bone, and 188 mrem/yr to the bronchial
epithelium. The prediited annual dose conrmitments to a permanent resident at Arches National
Pirk headquarters are 15 mrem/yr to the lungs, 6 mrem/yr to bone, and 74 mrem/yr to the bron-
chial epithelium. At locationi farther from the mill, individuals will receive lower doses from
mill ooerations than estimated for these two areas.

A brief discussion of the various pathways for radiation exposure to individuals near the mill
are present in the following sections.

4.7.4..| Internal Exposures

Ai r Pathway

The concentrations of uranium, Th-230, Ra-226, Pb-210, and Rn-222 in air resulting from airborne
releases. from the Atlas mill are presented as a function of distance from the site in Appendix C'
Part C-3. The annual radiation dose commitments to individuals at offs'ite locations from inhala-
tion of-ihese radionuclides are given in Appendix C, Part C-4. These doses were caiculated
using dispersion factors given in Appendix'b, Part i-2, and the ICRP Task Group lung model.22

Calculation of the dispersion of airborne pollutants in Moab Valley is difficult'.and the accuracy
of the results is as ybt unproven. The topographical barriers to pollutant dilution make the
application of conveniional dispersion models questionab-1e.23 The models used by the staff are
ihbt" p.opoted by Slade2a and tire American Society of Me-Chanical Engineers,'u unl.are the best
models'aviilable-to the staff; the results obtained are probably conservative. The onsite mete-
orolog.ical data used are the best available, as are staff estimates of pollutant releases.
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Table 4.4. Annual Dose Commitmentsa to Individuals
from Radioactive Releases from the Atlas Mill

Dose. mrem/yr

Loca ti on
Exposure
Pathway Whole Body Lung

Bronchi al
Epi thel i um

Nearest Permanent Resident
Tex's Tour Center,
0.8 km E of mill

Permanent Resident
Arches National Park
Headquarters, 2.4 kn
NW of mil l

Nearest Resident with
Ingestion Pathway,
2.7 kn SE of mill

Inhal ationb
External

Tota l

I nhal ati on
External

Total

Inhal ation
Ingesti on
External

Total

1.2
0.8

2.0

0.3
0.2

nq

0. 06
0.4
0.03

NE

73.6
0.8

74.4

14.5
n1

r 4.6

3.0
0.4
0.02

J.4

?8.4
1.2

29.6

5.8
0.2

6.0

t.t
0.04

6. I

t 9:t'

18.8

74

74

'2_,',

26.3
aDoses integrated over a SO-year period from one year of inhalation or ingestion.
oqolgl to whole-body, lung,-and bone are those resulting from inhalation of particulates of
U-238, U-234, Th-230, Ra-226, and Pb-210. The doses to the bronchial epithblir"rm are those
resulting from inhalatjon of radon daughters.

cDose calculations are based on two virtual point sources: l) tne ore pad, 0.8 km },l of Tex's
Tour Center, and 2) the tailings pond, 2.7 kn SW of it.

Unt'il new models are proven to be capable of accurately predicting pollutant concentrations in
terrain such as that around the Atlas site, models such as those now used by the staff must be
empl oyed.

This analysis shows that the inhalation of radon daughter products and radioactive particu'lates
of uranium and thorium represents the major sources of radiation exposure to individuals from
releases from the Atlas mill.

Water Pathway

Future milling operations will not discharge any radioactive liquid waste directly into the
Colorado River. And because other potential sources of river-water contamination (seepage and
airborne particulates) will be very smal1, no significant radiation exposure will resuit-from
surface water pathways.

Internal radiation exposure can also potentially occur from the contamination of drinkinq water
with radionuclides released during plant operation. Radionuclides can potentially enlier-we1i
waters by seepage from the taiiings pond to groundwater aquifers. However, this contamination
route is very unlikely because the groundwater gradients in the Atlas area all drain toward the
Colorado River (see Sec. 3.2.6.6); therefore, no significant radiation exposure is expected to
occur from groundwater pathways.

Food Pathway

The main radiation exposure pathway from food for individuals near the Atlas site is their con-
sumption of meat. The local meat diet is principally beef, and to a much lesser extent mutton,
deer,_and antelope. .Beef and breeding stock cattle are grazed on a pasture approximately 2 to
3 km (l .5 to 2 miles) southeast of the mill. The beef cattle are usually sold'as calves-for
further feeding and eventual slaughter. To estimate the radiation exposure to an individual
from consumption of beef raised on this site, it was conservatively assumed that the individual
raising the cattle consumes 90 kg/yr (200 |b/yr) of this beef. This would result in an annual
dose conrmitment of 5 mrem/yr to bone and 0.4 mrem/yr to the whole-body. (See also App. C-5.)



4-9

4.7 .4.2 External ExPosure

The concentration of radioactivity deposited on the ground was ca'lculated on the basis of param-

eters provided in nppendii C, pari C-f. eoi6 gun'tu ind.beta radiation could result in external

exposure; the beta 
"uJiition'Ooie 

is rsuaiiv a6p"iited i,n the skin or adjacent superficial

tissues, whereas gamma radiation is more pe"netrating and a portion of the radiation dose is

deposited in internat organs. As seen it'i;;i;-{:q;;it.tnit gamma radiation is not a maior

;;;;;r;; puih*uy to indiiiduals livins near the Atlas site'

4.7.5 Radiation Dose Commitments to Populations

The estimated annual whole-body and organ-specific dose commitments to the population of Moab'

Utah, are presented in Table 4.5. naturat-[iitsrgulg doses.are also presented for comparison'

These dose estimates were based on projectei-ngnriition in the vear 
.,1990' The population dose

commitments due to normal operat.ions of tt'e niris mi11 represeni only very sma11 increases in

irr. pJpriiiion radiation dose rates from background radiation s0urces.

Table 4.5. Annual Population Dose Commitments to Population
of Town or ubiu in the Year 

.l990 (man-rem)

Receptor 0rgan Mill Effluents Natural Background

t^lho1e body

Lu ng

Bone

Bronchial epithel ium

it 750

I 350

900

7500140

4.7.6 Evaluation of Radiological Impacts on the Public

The predicted annual individua'l dose commitments (Table 4'4) resulting from the normal opera-

tions of the Atlas mill are only a small friction of the prgsent NRC iose limits for members of

the publ.ic outside of restrictei areas as ;;;;;iij in io'crn Part 20, Standards for Protection

Against Rad.iation. Tabie 4.6 presents-u-coinpi.ison of t!9 predicted annual dose commitments

to ind.ividuars from op""itij.t'oi-it'" Au;;";iii-"it' rioiuiion protection standards fo.indi-
vidual members of the Public.

Although the mi11 is presently in compliance with the existing NRC exposure standards' the pre-

d.icted doses to the lung and bone of the *utituily exposed iniividuals either exceed or repre-

sent a substantial fraction of the environmeniaj 
"protbction Age1cyl1. (El4).Radiation Protection

standard for Normat 0perations of the u.unl'rr-Fr.r cvir" (+o irn igo) 
"t'icr' 

is to become effec-

tive for uranium mills 'in December of .1980'

Due to uncertainties resulting from the difficulties in calculatinq the dispersion of airborne

pollutants in the r,rout-Vuji"V"tt". SeC. q.;:4:i), iaAiiionaf measuiement data will be required
.in order to adequately assess whether tn"'nifii'iill will be in comp'liance with the EPA Standard

when it becomes effeciive. In order to provide data that can be usbd in determining compliance

with the applicable iiunOi.Ot, the mill;;;;;i;t;iir-0.-required to conduct the expanded envi-

ionmental inbnitoring program shown in Table 6'4'

If the measurement data from these programs do not provide a-reasonable assurance that the mill

i,iri'u"'i.".'.ili;;.;; "iL u," EpA bta;da;;,-i6.-op!.iio"-ry:]1 be required bv NRC to provide

add.itional effluent or land control to ustu..-lo,npiianc" with.the standards' A specific Iicense

condition will be utiliz;d to insure that the operator meets these requirements'

The population dose commitments (Table 4.5) resultinS.IrgT the Atlas mill are only small frac-

t.ions of the dose received from natural uilr.srorrJ iiaiation. They are also smal'l compared to

ifr. r.ai.if-and dental X-ray exposures given for diagnostic purposes'
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Table 4.6. comparison of Annual Dose conmitments to Individualswith Radiat.ion protection Standards

Receptor 0rgan

Estimated Annual
Dose Commitments,

mrem/yr

Radiation Protec-
tion Standard,

mrem/yr

Fract i on
of

S ta nda rd

tlhole Body

LUng

Bone

Bronchial epithel ium

Whole Body

Lung

Bone

Bronchial epithel ium

PRESENT NRC

2.0
74

REGULATTON (10 cFR 20)

?n

0.032 (cwLM)a

FUTURE EPA STANDARD

2.0
74

30

0.032 (cwLM)a

aRudiution standards for exposures to Rn-zzz_and daughter proau.t, u." 
"*p".rr.a in

I:*l:s,!:y:l_!!!) :, wL-means^the amount.of any co.6initi5n-oi short_r ived radio-

500

I 500

3000

I .2 (CWLM)a

(40 cFR te0)

25

25

NAb

0.004

0.05

0.01

0.03

0.08

1.2
h

NA"

active-decay products of Rn-zlz in one iiter of air thii witi retease r.3 x 19smega electron volts of alpha particle energy during tneir raaioactive decay toPb-210 (radium D). cumulativ! working r-evii Nonttri icwilll i]'tn. term used toexpress the total accumulated exposuri to radon aaugtrter iroaucts in air.h-Not applicable, since 40 cFR 
.l90 

does not include doses from Rn-zzz daughters.

4.7.7 0ccupational Dose

Estimated doses received by mill workers are based on air-samplg dgta (from February l9z6 toFebruary .l977) 
and dosimeti'y records iror tne tast quarier-Ji'tszo) supplied by the applicant.The air-sample data includei air conceniration measurements-at 2l iocations throughout the milland five breathinq zones. tn all cisei-the measured concentrations were below th6 maximumpermissible conceitration f;; ;;;u;;ii6nui 

"^porrr".
The dosimetry data showed that.the highest-whole-body quarterry dose was 5j0 mrem (17% of doselimit) from x and samma radiation, 

"tin-zio r.il;;;;9';;;"ntni,"ta single monthry dose. For
ffi;tii;li':;lnr[?lj:tt'n' the hishest quarteriv ino fionit'rv'Jor" ru, doo '.e, iiz% or quarterly

0n the basis of the data available, it is estimated that the typical occupat.ional dose.in theAtlas mill does not exceed 25% of it"-""iorr"nJ"J-iirii. ""- "j

4.7 .8.

Although no guidelines concerning acceptable limits of radiation exposure have been establishedfor the protection of species ottrei inin-mlle il ir g"n"riiiy agreed that the limits for humansare also conservative for^other species.zs-s3 Doses-to terr"estrial b.iota, such as b.irds andmammals' due to gaseous effluents'are-expected to be simiiar-io_those calculated for man, andarise from the same dispersion pathwayi 5na considerations. dnty one federally iisted species,the prairie faicon (paL.co mer.Lcanus),"which is classifieJ-i, if,r"ut"ned, is reported as ,,an
uncommon permanent resident in Arches National Park.'i git"d on the applicant,s commitment tothe control of fuqitive dust (ER, srppi:; "tailingi-l,ta!;;;;r; and Rectamation Atternatives
::llt.l';:.'ldvers6 raoiolosicii i';;;i'ii anticipii"d-;;;-il;-prairie rarcon-or ioi olrer resi_

concentration of the radionuclides introduced by.surface deposition in the colorado River isvery small' Exposure.to aquatic organismi resuits r.or-il,"'riter-soluble fraction of U-23g andits daughters' Aquatic organisms c6nientrate a number or etements that can be present in theaquatic environment' 
^Accumulation coeiiicient valuei ror i"u""ur organ.isms are'provided in thereferences'2t-23'26-30 The appliluni;i ionrnitment-i" rrgiiir"'dust contro.l wil.l'further reduce
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the rate of radionuclide deposition into the Colorado River, so even smaller concentrations in
the river are expected.

4.8 SOCIOECONOMIC IMPACTS

Using data presented in Section 2.4, the staff has analyzed current and future impacts of the
Atlas mill on the surrounding community.

4.8..l Demography and Settlement Pattern

Because the mill has already expanded to meet future production needs, it can be expected that
the number of employees wili remain somewhat constant in the near future. Although the opening
oi tte mi11 originally brought many people into the area, current and future operation will have

no direct effect upon the p6pulatiiln'of Moab. Approximately 80% of the mill work force res'ide
in Moab, and it can be expected that this residency pattern wi'll continue.

Indirectly, the m'i11 may cause some population jncreases. New mines may be opened.within the
county in-ihe future belause of the irrbsence of the mill. Miners who may migrate into the
county will require housing and services. The staff proiects that the number of future in-
migrants will be minimal and can be easily absorbed by the community.

Transient Population

Although many tourists pass within a ten-mile (.l6-km) radius of the Atlas mill (see Sec. 2'4.3)'
i", p"opt. rlmain in thb area for any extended amount of time. Visitors rarely remain beyond

the timb they allot for sightseeing. Despite the high turnover rate of visitors to the area'
and the facfthat the mill-and taiiings pbnd can be clearly seen by the tourists when ascending
into Arches National Park, the contact of tourists with the mill is minimal.

4.8.2 Social 0rganizat'ion

No readily apparent adverse social impacts were identified by the staff. The State Social
Service ngenty reported to staff durihg site visitation that there were no problems unique to or
associatei wiitr the rn'ill's empioyees oi their children. Discussions wjth local offjcials re-
vealed that trucks handling ore ind yellowcake had no unusual impact on traffic and accident
frequencies and distribution.

Educati on

Currently, l58 children are enrolled in the Grand County Schoo'l District whose parents are

employed it ttre Atlas mill or in related mining operati.ons.34. The number whose parents are
er'ptoyea in dependent industries (i.e., other mines and trucking companies) cannot be deter-
miired, and wili be assumed by the stafi to be no greater than those whose parents are employed

at the mill.

The school system is presently educating these children with minimal stress on the school facil-
ities. the itatt can'find no adverse itpact on the school djstrict at present' nor predict any

in the near future, that may be caused by the mill operation.

Heal th Faci l i ties

Because no najor increase in the mill work force is anticipated, no additional impacts on the
region's health facilities are expected to occur as a resu'lt of mill operation.

4.8.3 Political Organization

political impacts of the Atlas mill operation on the county and Moab are expected to have already
occurred due to the length of time the mil'l has been operating'

4.8.4 Economic 0rgan'i zation

The mill has become an integral part of the economjc structure of the area. It is the largest
inaui.t"iui 

"rpioyer 
in the iounty, employing five percent of the county's work force' and has

created secondary employrnent, including mining and trucking operations.
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by November 1976, approximately $7.3 million had been spent on plant construction, wjth another
$2 million expected to be spent upon completion (Ref. 2, response to Q. 39). Atlas Minerals'
property taxes for 1976 totaled $2]4,53.l.99 (Ref.2, response to Q.42). State and local sales
taxes paid by the mill totaled $.l.|6,288.44 for the fiscal year ending 30 June 

.|976 (Ref. 2,
response to Q. 43). The revenue generated by the mi'll has a iarge impact upon the city and
c0unty.

Empl oyment*

As of l5 0ctober 1976, the mill had 161 employees, with a month]y payroll of approximately
$160'000 (Ref. 2' response to Q. 33). The average mill worker's income is approximately 

-

$10,000.

From employment records at the mill, the applicant selected and recorded certain characteristics
by random sampling** to obtain a general socioeconomic profile of mill personnel for staff analy-
sis (Ref. 2, response to Q. 33). These data show that eight of the 41 employees sampled (f9.5%)
lived outside of Moab. This figure is slightly lower than the ratio of all people living in the
county to those living in Moab (see Table 2.3), and can be accounted for by the proximity of themill to Moab. The average employee's age is 35; 85% are mamied, and the average number of
children for those who have children is .|.94. 

0n1y 17% of the employees are female, and their
jobs were scattered among the laboratory, clerical, and office positions.

Transportati on

0n the basis of traffic flow tabulations taken north of the mill, where a survey point is lo-
cated, traffic to and from the Atlas mill comprises approximately 16% of total traffic in the
area as seen in the followinq tabulation:

Atlas
Miil %

160 t8
90 3t

Tota l
Traffi c

900

295

Utah and out-of-state passenger cars

Heavy trucks
Light trucks

Total

40551
'1600 255 't6

4. B. 5 Concl us i on

The mil1 has provided several kinds of economic benefits to the county and to the city of Moab
and may have influenced the establishment of some aspects of county and municipal goa1s. l'lill
workers moving to Moab have contributed to a general trend in populat'ion increase which may
have increased stress in some social services; however, significant social problems in this
city are not apparent.
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5. ENVIRONMENTAL EFFECTS OF ACCIDENTS

The occurrence of accidents related to operation of the Atlas mill wi'll be minimized through the
proper design, manufacture, and operation of process components, and a quality assurance program
designed to establish and majntain safe operations. In accordance with the procedures set forth
in the appropriate regulations, Atlas Minerals Division has submitted applications containing
descriptions of the facility design, the organization of the operation, and the quality assur-
ance program. These documents, together with the environmental report and supplements, have
been reviewed by various agencies to assure that there is a basis for safe operations at the s'ite.
Moreover, those agencies will maintain surveillance over the plant and its individual safety
systems by conducting periodic inspections of the facility and its records, and by requiring
reports of effluent releases and deviations from normal operatjons.

Notwjthstanding the above safeguards, accidents involving the release of radjoactive naterials
or harmful chemicals have occurred in operations similar to those conducted by the applicant.
Therefore, in this assessment, accidents which might occur during milling operat'ions have been
postulated and their potential environmental impacts evaluated. Section 5.1 deals with postu-
'|ated accidents involving radioactivity; Sect'ion 5.2 with those not involving radioactivity, and
Section 5.3 with transportation accidents involving both radioactive and non-radioactive materials.
The probabilities of occurrence and the nominal consequences are assessed, using best available
estimates of probabil'ities and realistic assumptions regarding release and transport of radio-
active materials. In cases of doubt, or where information adequate for a realistic evaluation
was unavailable, conservative assumptions were used to compute environmental impacts. Thus' the
actual environmental effects of the postulated accidents would be, in some cases' less than the
effects predicted by this assessment.

5.1 MILL ACCIDENTS INVOLVING RADIOACTIVITY

The specific activities of the radioactive materials handled at the mill are extrenely low:

"".|0-e'Ci/g for the ore and tailings and tl0-6 Cilg for the refined yel'lowcake product.* The
quantitiei of materials handled, 6n the other hand, are relatively large: n840 MT of yellowcake
per year (for expanded operations), representing 1520 Ci of radioactivity. These very low 

_

ip.citi. ictivities require the releasb of exceedingly large quantities of material to be of
concern; driving forces for such releases are generally lacking at the Atlas mill.

Guidelines have not been published for the consideration of accidents at uranium mills. There-
i0"", tf," postulated planl accidents involving radioactivity are considered here in the following
three categories:

'I. Trivial incidents, i.e., those not resulting in a release to the environment'

2. Smal'l releases to the environment (relative to the annua'l release from nonnal
operations), and

3. Large releases to the environment (relative to the annual re'lease from normal

operations).

Tr.ivial .incidents include spills, ruptures in tanks or plant piping containing solutions or
iiri"i"t, ind rupture oi a taitlngs biiposal system pipb'in whicn tne tailings slurry is released
inio the'tailingi pond. Small releases'includL tailLre of the air cleaning system serving-the
conientrate drying'anO paciiging area, a fire or explos'ion in.the solvent extraction circuit'
i.a-i S.t-"^pfi,tion in tne y6ll6wcake dryer. Large'releases include a maior tornado strike and

releases to the watercourse from the tailings pond.

For most of the postu'lated cases resulting in a release to the environment the analysis gives

ifr" "iiirit"d 
malnitudi of the release, t6e corresponding maximum individual dose at various

distances from the mill, and the estimated annual iit<e't'ihooa of occurrence. The latter estimates

*In contrast to the relatively high specific activities of a number of prominent radionuclides,
j.e.,.,,.|0-r Ci/g for Pu-239 and.r,l0-3 Cilg for Co-60.
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are based on a diversity of sources, including incidents on record, chemical industry statistics,
and failure prediction methodologies. Data and models for the behavior of radiation'jn accident
situations were taken from NRC Regulatory Guidesl and from the International Cornmission on
Radiological Protectionz updated by dose conversion data published by the U. S. Environmental
Protection Agency.3

During the three decades of nuclear facility operation, the frequency and severity of accidents
have been markedly lower than in related industrial operations. The experience giined from the
few accidents that have occurred has resulted in,improved engineering safety feaiures and operating
procedures, and.the probability that sjmilar accidents might occur in the future is very low.
Based on analysis, it is believed that even if major accidents did occur, there would piobably
not be a significant release of contamination offsite, and rad'ioiogica'l exposures would be too
small to cause any observable effect on the environment or any deleterious effect on the health
of the human population.

5..l . l Trivial Inc idents

The foliowing accidents,
radioactive materials to

5.1.2 SmalI Releases

The following accidents,
radioactive materials to
smalI in comparison with

oue
the

to human or equipment failure, would not result in the re'lease of
envi ronment.

to human or equipment failure, would release smal1 quantities of
environment. The estimated releas'es, however, are expected to be
annua'l release from normal operations.

5.l.l.l Leaks or Rupture in Tanks or Piping

Uranium-bearing.slurries and solutions will be contained in several tanks comprising the 1each,
washing, precipitation and filtration, and solvent extraction stages of the mill cjicuit. Human
error during the filling or emptying of tanks, or the failure of valves or piping in the circuit,
would result in spills which might be expected to occur several times annually during operations.
Large spi11s from tank failures or uncorrected human error might involve the release-of several
hundred pounds of uranium in the liquid phase to the room. However, the entire contents of the
tanks would be contained within the buiiding sumps and any overflow beyond the building would be
contained by concrete spiilways and directed to an emergency ho'lding pond. Therefore, a rupture
of a orocess tank would not reach the environment.

5.1.'1.2 Rupture of a Pipe in the Tailings Distributjon System

At the design milling rate of approximately 1176 tons (1067 MT) of ore per day, roughly 45 MT

of solids and 3..l7 x 104 gallons (.|.2 ' lOs 1) of solution (approximately 45% of which is recycied
to the mill for process use) are transported to the tailings pond each hour through the tailings
disposa1 system piping. Ruptures in the feed or decant ljnes would be expected to occur. The
feed line parallels the tailings pond for most of its length; thus, any slurry released from the
system would flow toward the tailings pond, where it would be contained along with existing
tailings material. A rupture in the decant line or in the portion of the feed1ine between the
mill and the taiiings pond could result in a release to the river. (This case is considered in
Section 5..|.3.2. )

due
the
the

5.1.2.1 Failure in the Air Cleaning System Serving the Yellowcake Drying Area

The off-gases from the yellowcake dryer, containing entrained solid particles of uranium oxide,
pass through a wet scrubber before they are discharged to the environment through a 6.4-foot
(2-m) stack.

According to the applicant, measurements taken over three years of operation indicate an average
release of approximately 0.9 lb/day (0.45 kg/day) of U30s duning operation of the dryer (about
one-third of mil'l operation time). Sampling conducted by the applicant shows the scrubber to be
99.18% efficient. Thus, should the scrubber fail completely during operations, the release rate
of uranium to the atmosphere would be roughly 4,41b/hr (2.0 kg/hr).

The staff was informed during a site visit that, although stack monitoring for uranium will only
be performed monthly, the circu'it will be checked every hour as a part of the formal plant proce-
dures. (In this regard, the staff recommends that the applicant maintain a record of such periodic
inspections at least once per shift.) A drop in pressure would indicate loss of water flow to the
scrubber, in which case operations would be terminated until the scrubber was repaired. If the



failure occurred during daylight hours, the plume would.be visible to an observer' Moreover' a

drop in water pressu."""orio induce a nigr'-tbrperature trip which would shut down the system'

For the current analysis, it is assumed that the scrubber fails catastrophically during the

niqht shift and that the pressure go", un.t..t"O to" the entire shift' This would result in the

i:"i!it."ii-t;;-.;;i;.;;;nI oi-ippr6iimateiv-i+.0'lb (15.7 kg) of insoluble uranium' assumed t0

be in the respirable size range. Figure S.f piots the 50-y6ir dose commitments to the lungs* of

inaiviAuafs at various distanies frorir the mill at this level of release'

Atthoush quantitative data are unavailable, catastrophic (totat) scrubber tgilyrg ]1-li9hl{-
;;ilk;ii.'-Frogressiu.-iiilure, in which cise the plugging of vents causes back pressure' ts

readjly detectable during operationai c5.if,tl ina b"oar..i'inefficiencies rather than massive

failure.

5.1.2.2 Fire or Explosion in the Solvent Extraction Circuit

The solvent extract.ion circu.it, to be located in a separate, unenclosed area near the concentrator

bu.i1ding, may contain ui rrif is .12,500 fI-|SZOO f.gl bf yeliowcake. It wiII be provided with a

redundant, manually operated foam and automatic water spray system equipped with a thermal

sensor. Moreover, an emergency dumping tyti.r-"iff rupiOty diain al'l sblvent from the system if
overheating occurs.

In the event of a major fire, it is conservatively assumed from previous estjmateSa's relating

to both uranium and plutonium solutions tf,ii-ai-mircn as l% of the uranium would be dispersed'**

This wourd resurt in'ffre-uriimate re1ease io irr" environment of approximately 125 1b (57 kg) of

soluble uranium. Figure 5.2 shows the so-viar Joie commitment to bone at various distances from

the mill at this level of release'

From chemical industry data, the probability of a maior fire-per.p1a1t-vear-i1-gstimated to be

4 x lQ-a.6 However, at least two maior toi"t.ti i*ltittion cii^cuit fires are documented in the

literature, one of wh1ch destroyed the_oriqinal solvent extraction circuit at the Atlas milI in

1968.6 There have been approx.imately 540';i;!i-i;;;; or-riii op"ration in the U'.s'--equivalent

to roughly 320 piant-years hand'ling 390'006 lli-oi'.7""t. Thus, iiidging from histopical incidents'

the likelihood of a major solvent extraction fire i-s in the raiqe-of-4 to 6 " l0-3 per plant-

vear. Using these two-estimates to brackei'the probability' th; likelihood of a maior solvent

Lxtraction fire at tiie Atta, mill i, uttrt"a-io iall in thL range of 4 x l0-4 to 6 x l0-3 per

year.

5.1.2.3 Gas Explosion in the Yellowcake Drying Operation

A natura.l gas-fired furnace w.ill be used to remove the water from the precipitated yellowcake

fol.lowingatwo-Stagefi.ltrationoperation.Thefurnaceconsistsofs.ixhearthsenc.losedina
5.9-foot (1.a-m; d.iimeter cylinder. ff,e-invenlory oi yellowcifi-i. the dryer will be approximately

4630 tb (2,100 kg). The dryer off-gas, ut aiilrit".O "ailier, 
wi|1 be ventilated through a wet

scrubber. An explosion in the dryer or in.'.iirrii git piping, however, ::!r9-!l* off the duct

work assoc.iated w.ith the venti.ration rvri"i;;;-;i;p;;;.'vbtt6wcate into the room.. The possibi'litv

of an exp.los.ion is mitigated by a Factory"i'iririr-i"it ina"pt"iirie gauge insta'lled on each of

the six burners 'in the clryer'

The consequences of explosion.accidents are limited by,the^concentration of heavy material that

can be mainta'ined ir-t["-iii t.iiitit"o ut-.;p;;;i;.1;ly^i0? tslnrtt't Then' for a room volume

on the order of , q""-i'6r-m3,'in eitimatii i['oun..t (4b0 g) oi'uriniun wouid be released to the

room air. conservat.ively assuming tnat-iit'ot-ite-r"inium-woiia-uu swept out.into the environment

when the room.is ventilaieci, and ihat fO6i"'oi'tt'l-insofuUf" pi"iiiitt ai^e in the respirab'le size

range, the So-year lJi"-i"ti,iiments to tf'" i,ngl-ot inaiviauits at various distances from the

riii it" as Pl6tted in Figure 5'3'

Quantitative data have not been found on natural gas^furnace,explosions. Failure rates have

been evaluat€o tor iiping uie! in ilre tranimissioi of natura'l-qis ana converted to equivalent

fa.irure rates per p\aht iear,7 ino.icatin!"irjp""riii.i.rv-6-" io:l-tiirures per plant-vear' This

is like.ly to constiiii. ln-rpp., limit oi i;!'iik;iih""od of u-gut exp'losioh because it is based

*Fiqures 5.1 through 5.7 show SO-year oose

;;;;i;ir; the maximum dose for a tYPe of

**It is estimated that a smaller fraction
ino iuui.qu"ntly to the environment' in

cormitments to the critjca'l organ, i 'e" the organ

rel ease.

the uranium inventory would be released to the r00m'

event of an exPlosion'the
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Fig. 5.1. Failure in the-Air cleaning.sys_tem: 50-year Dose commitment to Lungs(The element of concern is-inioluble uranium.) -
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Fig. 5.3. Gas Explosion in Yellowcake Drying 0peration: 50-year Dose Conrnitment to Lungs.
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upon roughly l70,000 feet of piping per plant (which
bbr of feet of piping in a typical uranium mil'l) and
of ignition, given a failure.

is considerably higher than the actual num-
does not take into account the probability

5..l.3 Large Releases

The following incidents might release 1arge quantities of radioactive materials to the environ-
ment comparei with the annual release from normal operations. By virtue of complex and highly
variable dispersion characteristics, however, the individual impacts will not necessarily be

proportional to the total amount of radioactivity released to the environment.

5. l.J. I l0rna00

The probability of occurrence of a tornado in the 1o square in which the Atlas m'ill is located
is nbgligible. Using closest available data, the proUaUitity !s apProximately 8,.' l0-s/yr.8
The aiea"is categoriied as Region 3 in relative tornado intensity,u i...r-I9..u."typica1" tor-
nado, the wind s[eed is 239 miles/hr (385 km/hr), of which lg0 miles/hr (305 km/hr) is rotational
JnO 4g u'ifetl6. iZg 1m/hr) is translational. None of the mill structures is designed to with-
stand a tornado of this intensity.

The nature of the milling operation is such that'little more could be done to secure the facility
with advance warning than without it. Accordingly, a "no warningu tornado was postulated.
Moreover, since it is not possible to accurately 

-piedict the tottl amount of material dispersed
by the tornado, a highly conservative approach was,adopted. Because the yellowcake product has

iire ftigfrest specific"aciivity of any maibrial handled at the mitI and as much as 46 MT of product

may be-accumuiateA prior to ifipmeni, it is assumed that the tornado lifts 10,03.| lb (4550 kg)

of yei Iowcake.

A conservative model,l0 which assumes that all of the yellowcake is in respirable-form, was used

ior tf'u dispersion analysis. The model assumes that al'l of the material is entrained in the
tornado as the vortex pist.s over the site. Upon reaching_the site boundary, the vortex dissi-
pit.i, f.uuing a volumb source to be dispersed'by the trailing winds of the storm. The material
is asiumed to exist as a volume source representitive of the velocities of the tornado, and dis-
perses through an arc of 45o. Due to the sma11 particle sizes postulated, the sett'ling velocity
is assumed to be negligible.

exposure at a distance of approximately 2.5 mi'les (4 km) from the
ioinmiiment to the lungs of in'individual is estimated to be approxi-

SO-Vear lung dose commitment as a function of distance is plotted in
The nodel predicts a maximum
nii l l , where the 50-year dose
mately l.l x l0-i rem. The
Fiqure 5.4.

5.1 .3.2 Re'l ease of Ta i I i ngs Sl urry

The total discharge from the acid and alkal'ine tailings washings to the tailings.pond will be

afprox.imately l63 MT/hr: 45 MT/hr of.dry solids anO ilg MT/hr-of liquids.(54^MT/hr of l'iquids
il6 r..Vii.a"back through tfre piocess). 

-Since 
the mill began operations il.tSSit-a1 est'imated

B million MT of tailingi has accumulated in the taiiings pond. At the applicant's planned

throughput due to.*paided operations,.approximately 4-mi11ion_MT of tailings will be added to
ihe-;ii;ting rrs-acrb-iIi-r'ai-pono-ou"inb'trtui. opLrations.. Inadvertent release of this material
to the env.ironment migfrt resuli from an 6verflow oi ttre ta'ilings !lY!"ry: a.rupture in the tailings
aitiiiUuiion piping,6r a failure of the tailings dam. Failure of the tailings dam could be

attributed to'a'deiiructive earthquake, flood-witer breaching, or structural fajlure.

For the anticipated rates of precipitation during the life of the mi'll, the tailings-pond.could
overflow onty ir the processihg syitem were al'loied to operate unattended for severa'l weeks' In

iiirujiiv, t"tre pool lbvel will-be-inspected frequently and the system would be turned off to
prevent overflowing.

According to the applicant's evaluation, a maxjmum water surface elevat'ion of 3976 feet MSL

(Tii2-ri'ii pr"Oi.tbO unaer ttre combined events of the l00-year flood on the Colorado River at
iii.o jna thb probable maximum flood on the local drainage areas between Cisco and the site'
iuiing into account ttre ioinciOent wind-generated wave run-up. This water'level would not

result in a breach of the tailings pond,-as the existing height of the embankment is 4028 feet
llir-iiziii *l-1t"" rig.-i.sj. tn"adbltion, a more conseivative staff studv of PMF for the

colorado River indicated that whjle the toe of the tailings pond would be inundated up to several

feet, no failure of the dike would occur.
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Fig. 5.4. Tornado Damage: So-year Dose Conrnitment to Lungs.
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Ttie Atlas mill site is in the Zone l ("minor damage") seismic risk category (intensities V to VI
on the Modified Mercalli Scale).11 A review of the historic seismicity and seismotectonic
relationships reveals two potential sources that could result in the maximum probable earthquake
at the site, each of which could generate horizontal accelerations of about 0.02 g. Introducing
a margin of conservatism,_the applicant has used a design horizontal acceleratjon of 0.05 g,
characteristic of Zone 2 (intensities VI to VII on the Modified MercalIi Scale). A structural
analysis of the embankment conditions anticipated for the future additional 4 mi'lIion MT of
storage revealed a minimum factor of safety .l.5 

under conditions of the design horizontal
accel erati on.

From the foregoing discussion, it appears that a natural disaster of sufficient intensity to
result in a release of the tailings slurry to the environment would occur on a frequency of less
than once'in a hundred years. Even if the frequency were known accurately, it would be difficult
to predict the magnitude of the release. However, taiiings slurry releases have occurred in the
past, including two incidents on record at the Atlas mill site. 0n 6 February 1967, there was

an auxiliary decant line failure, resulting in the release of 440,000 gallons of tailings liquid
with an aveiage Ra-226 concentration of 5.5 * l0-8 uCi/ml.6 The other incident occurred on
23 November'1968, involving a tailings distr:ibution-pipe break and the loss of 35'000 gallons of
tailings slurry. Sjnce then, the applicant has undertaken some mitigating measures, including
the replacement of antiquated tailings piping system and frequent piping inspections. The con-
sequences associated with the two events have been documented to varying levels of detail in
reports to the NRC (AEC) and will be used to estimate the nominal Atlas mill release, taking into
account the applicant's mitigating measures. Table 5..l summarizes a recorded tailings release
incidents during I959-l97.| .b

Table 5..1. summary of Accidental Tailings Slurry Releases, 
.1959-l97la

Sol ids
Rel eased,
lb (kg)

Liquids
Re l eased ,
sal (l)

Reached
llJatercourse

Flash flood
Dam failure
Dam failure
Dam faiIure
Pi pe1 i ne fa'i I ure

Fl ood i ng

Pipeline failure
Pi pe l i ne fai l urec

Dam fai lure

P ipe'l i ne fa iI urec

Dam failure
Pipe1ine faiIure

3 ' 
.|07 (14 ' 106)

2 ' 
.106 (s * 16s;b

I ' 
.106 (5 x l0s)

4 ' l0s (2 x los)
7 ' l0s (3 x 'l0s)

2 , l0s (l ' l6e1D

I x l0s (5 ' 104)

4 ' 
.|06 (2 ' 1ge;o

'l06 (l ' 107)

tos (B " l0s)
't0s (4,l0s)b
.104 (2 ' l0s)o
104 (2 ' l0s)
107 (B " 107)
'104 (B , l0q )
'l0s (2 " 106)

Yes

Yes

No

YeS

Yes

Yes

Small amount

Yes

Yes

Yes

No

No

3x
2x
IX

5x
$x
lx
2x
4x

I x lQ6-l x

2 ' |0s

2 ' IOa

1g+ (1 x 10s)

tO3 (8 ' 103)

'l07 (l-.|4 ' lo6)b J x

(1 " 1gs)b 3x
(S,tg:;b 2x

No quantitative information

l0s-3 " lO6 (l-'ll ' 106)

dFrom,,Environmental Survey of the Uranium Fuel Cyc1e," WASH-1248, U. S. Atomic Energy

Commission, Fuels and Matlrialsr Directorate of Licensing, Appil 1974.
bAssum.ing equal weights of solids and liquids released, and dens'ity of the liquids to be

approximately 2.4 Ib/gal (I.l kg/l).
c0ccurred at the At]as mill.

0n the basis of these historical data, the average release from tailings dike failure or flooding
*Jt ipp"oiiratety 3.9;1[s gitroni (i.5 " l07 ll of liquids and 3.9 "-107 lb (.|.5 " i07 kg) of
soljds. Nine out of 12 of the releases for which data are available reached the watercourse' and

of the 12 recorded incidents, seven involved dam failure or flooding. Thus, considering the 287

mi11-years of operation in the period (or 240 mi1l-years, normalized to 390,000 MT ore/yr)' the
likelihood of release from the tailingi pond to the watercourse is approximately 2'.|0:2 per
plant-year. This is a conservative eitimate of tailings impoundment failure, as many of the
early dikes were poorly constructed.

As discussed in Section 5.1.'1, most failures'in the tailings distribution piping would result in
release of the slurry to the iailings pond and not to the environment. However, if the failure
were td occur jn the-feedline pipin! bbtween the mi'll and the tailings area, the slurry could
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conceivably reach the river. From Table 5..l data, the average release to the watercourse from
piping failures was approximately 1.3, l0s gallons (5.2 * l0s l) of liquids and 

.l.3 x lQ6 15
(6.2 " 10s kg) of solids. Furthermore, on the same basis as the dike failure estimate, the'likelihood of taifings release from failure of the piping is approximately 1.5 ' l0-2 per plant-
year. Since both the historical consequences and likelihood of piping failures are lower than
those of dike failures, only releases from dike failures or flooding will be considered in the
discussion of the impact of a tailings slurry release that follows.

The solid taiIings are coated with acid solution and are predicted to have a radiological composi-
tion of approximately 29 vCi/NI of U-238, 29 vCi/NT of U-234, 540 uCi/MT of Th-230, and 570 uCi/MTof Ra-226. Because of losses due to seepage, evaporation from the disposal area, and entrapment
in the tailings solids, the composition of the liquid phase is difficult to predict. In addition
to dissolved minerals from the ore, the tailings solution contains trace quantities of components
of the organic phase (mostly kerosene) of the solvent extraction step in the milling circuit.
Table 5.2 shows the composition of the tailings pond solution as predicted from the applicant's
measurements on a synthetic raffinate. Several of the concentrations may not be representative
of actual mill conditions when both acid and alkaline leach circuits are in operation. The
concentration of Th-230 is particularly difficult to predict, as thorium solubility is strongly
dependent on solution acidity.* However, use of the value given in Table 5.2 for accident impact
assessment is judged to be conservative, since most of the thorium would be expected to precipi-
tate out of solution when the tailings siumy is diluted with river water, because of its very
low solubility at near neutral pH.l3

Table 5.2. Concentrations of Radionuclides and Chemicals
in the TaiIinqs Pond

Radionuclide
Concentrati on ,

uCi /ml

Maximum Permissible
Concentration in

Unrestri cted^Areas ,
uCi/ml"

u-238

u-234

Th-230

Ra-226

6 ' |0-7

6 " l0-7
5 x I0-8
'I * l0-7'

4.0 ' I0-s

3.0 ' l0-s
2.0 ' l0-6

3.0 ' l0-8

Concentrati on ,
ms/ I

NAS Water Quality
Standards for Public

Water Suppl ies,
mg/lcChemi cal

As

cn. =

c'l-
TDSO

Vzo s

"'l0 cFR 20.
bThi, .on.untration reflects ear'l jer operations using barium
treatment to reduce radium levels when eff'luent was discharged
to the Colorado River. Since current and future operations
will be closed-cycle, a more conservative radium concentration
of 3 ' l0-7 uCi/ml is used in the impact ca'lculations.

c"Water Qual'ity Criteria 1972," A Report of the Conrnittee on Water

Quality, National Academy of Sciences. National Acadeqy of
Engineering, prepared for the U. S. Environmental Protection
Agency, l972.

dTotul 
d i ssol ved sol ids.

eNo Standard.

l 00, ooo

300

I 50,000

300

0..l

250

?50

NS

NS

*Reported concentrations of Th-230 in
typical of the acid leach process,12

tailings^solutions range from on the order of l0-a uCi/ml,
to ruI0-to uCi/ml for an alkaline ieach circuit.3
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A fraction of the estimated 3.7 ' ]07 lbs (l.B " 107 kg) of solid tailings released from the
impoundment area in the event of an overtopping or faiiure of the dam woJld be deposited on thehigh ground above the river, but a significant-amount would undoubtedly ieach trre'river approxi-
mately 820 feet (240 m) from the embankment. Most of the coarse partilles would fall to theriver bottom close to where they enter the river, whereas the finbs would be carr.ied by theriver and ultimately deposited in the downstream sediment.

Nearly ail of the estimated 3.9 " 106 galions (1.5 " 
.l07 l) of tailings liquids released fromthe impoundment would be expected to reach the river, where it would be significantly diluted.

{19umjng an average river flow rate of approximatelJ 5.8 ' 10a ga1/sec Q., " fo6 iZieij,-if'e'dilution would be sufficient to reduce the radium concentration-below maximum permissibie concen-tration (as given in l0 CFR 20) even if the total release occurred in a period as short as one
n0ur.

The radiation exposure was est'imated forindividuals drinking Colorado River water subsequent tothe postulated release.-.Compiete mixing of the tailings tiquiA with river water would be expectedto occur before the tailings reached the closest point at which river water might be extractedfor drinking purposes, approximately five miles downstream from the mill. It is assumed that areduction in the concentrations of radioisotopes given in Table 5,2 is the result of dilut.ion
a1one, and does not include precipitation or adsoiption onto bottom sediment. Then, for an
average individual drinking rate of 40 fluid ounces (.l.2 l) per day, the predicted 50-year dose
commitment is approximately 1 * l0-a rem to the bone.

Should a release of tailings siurry occur, the NRC and regional offices of the EPA and Coast
Guard must be notified, given the approximate time of the accident, and given an estimate of thequantities of liquids and solids released from the tailings pond. Moreover, the water in the
Colorado River would be sampled for chemical concentrations and radioactivity, and downstream
users would be notified so that temporary curtailment of water use could be bffected if the
concentration of radionuclides was found to be excessive.

5.? NON-RADIOLOGICAL ACCIDENTS

The potential for environmental effects from accidents involving non-radiological materials at
the Atlas mill is small. Failure of the boiler supplying process steam to the mill could release
low-pressure steam to the room, possibly causing minor injuries to workers, but not involving the
release of chemicals or radioactive materials to the environment. Forced-air ventilation syitems
are provided in several stages of the process to dilute the chemical vapors emitted and protect
the workers from the hazardous fumes. Failure of these ventilation systems might result in the
interim collection of these vapors in the building air. Since the vapors are ultimately dis-
charged to the atmosphere in either case, such a failure would have no effect on the environment.

A number of chernical reagents used in the process will be stored in relatively large quantities
9! !!9 site-. Specifically, storage tanks will be provided for approximateiy 423,060 gailons
(.l,600,000 l) of sulfuric acid, 7100 lb (3200 kg) of sodium chlorate, l0,5Ob gallons (qO,OOO t)
of caustic soda,7400 gallons (28,000 l) of hydrogen peroxide, and 

.l6,600 gallons (63,000 l) of
anhydrous ammonia. Additionally, several storage tanks containing kerosene, diesel fuel,
gasoline, and propane are also on the site. To prevent a spi11 of liquid reagents from reaching
the river, containment dikes have been constructed on the south side of the mill area. which
drain into two containment ponds of over 7.9 x lOs gallons (3 * l0o l) capacity.

The onl.y chemical that might seriously affect the environment is ammonia. A break in the external
piping of the anhydrous ammonia tank would not result in a release since an excess flow valve
would automatically close on a drop in.pressure, thus preventing the escape of ammonia. It is
possible that the line carrying ammonia to the storage tank from the tank truck could be ruptured,
in which case the release rate would be limited to 100 g/sec of ammonia vapor. Assuming the
release to be irreversible, the resulting concentrationi of ammonia as a function of diitance
from the mill are shown in Figure 5.5. Beyond 6.2 miles (10 km) this concentration is below the
600 pgl13 short-term air.quality standard derived from State of Colorado regulations (at l/30
threshold limit values).13 Beyond 2300 feet (700 m) under both the 40,000 ig/m3 needed to
produce a detectable odor and the 69,000 pg/m3 recomrnended limit for prolonged human exposure.l4
Thus, the released ammonia would not be noticed by offsite residents and would pose no healthrisk in the environment.

0n the other hand, workers at the mill within a radius of .l00 
meters from the ruptured line

could be exposed to an ammonia concentration in excess of .l06 
uglm3. At these levels, there

exists a risk of suffocation due to tracheal spasm or, for individuals with myocardial disease,
of heart attack. Following the initial detection of a strong ammonia odor (at approximately
40,000 ug/m3), however, most healthy individuals should be able to escape the arbi, possibly
suffering some permanent damage through pulmonary or ocular tissues.
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5.3 TRANSPORTATION ACCIDENTS

Transportation of materials to and frcrn the mill can be divided into three categories: (l) ship-
ments of refined yellovrcake from the mill to the uranium hexafluoride conversion facil ity'
(2) shipnents of ore frcrn the mine pit to the mill, and (3) shipments of proce_ss chsnicals fronl
iuipliei"s to the mill. An accident in each of these categories has been posutlated and analyzed,
and the results are given in the following discussion.

5.3..| Shiprnents of Yel lovrcake

Refined yellowcake product is generally packaged in 55-ga11on (208 1), 1B-gauge.drums holding an

average 6t:oq rg (boo lbs) ani classiiibd by-the Departnent of Transportation (D0T) as Type A

packaqinq (49 CFR Parts lTl-.l89 and l0 CFR Part 71). It is shipped by truck an average of
1SZO iites (2220 Wt) to a conversion p1ant, which transforms the yellowcake to uranium hexa-
fluoride for the enricfment sten of the liqht water-cooled reactor fuel cycle. An average truck
shipnent contains approximately 45 drums, or l6 MT (.l7.5 tons) of yellotrcake. Based upon_the
Atlis mill capacity bt +OO,OOO-t'tT (440,000 tons) of ore annual1y and_a yeliowcake yield of
650 MT (700 tons) approxirnately 40 such shipnents are required annual1y.

From published accident statistics,ts 18 16s probability of a truck accident is jn the range of
1.6 tb 2.6 x 10-6/mjle (l.0 to .l.6 x l0-6/kn). Truck accident statistics include three cate-
gories of traffic accidents: colIisions, noncolIisions, and other events. ColIisions involve
interactions of the transport vehicle with other objects, whether moving vehicles or fixed
objects. NoncolIisions are accidents in which the transport vehic.:le Ieaves the transport path
or deviates from nonnal operation in sqne way, such as by rolling-over on jts top.and side.
Accidents classified as ot,her events inc'lude-personal injuries suffered on the vehicle, records
of persons falling frcn or being thrown againit a standing vehicle, cases of stolen vehicies'
and'fires occurliig on a standiig vehiclei The Iikelihood of a truck shipnent of.yellowcake
frorn the milI beini involved in in accident of any type during a one-year period is approxi-
mately 0.14.

The ability of the materials and structures jn the shipping package to resjst the canbined
physical forces arising frun impact, puncture, crush, vibration, and fire depends on the magni-
tude of the forces. T"hese magnitudes vary with the severity of the accident, as does the
frequency with which they occir. A generiljzed evaluation of accident risks by NRC classifies
accidenti into eight categories, depending upon the ccrnbined stresses 9f !1qa9t' puncture' crush
and fire. 0n the-basis oi this classificitibn schslre, conditional probabilities (i.e., given
an accident, the probabiljties that the accident is of a certain magn'itude).of the_occurrence
of the eighi accident severitjes were developed. These^fractional probabiljties of occurrence
for truck accidents are given in. Column 2 of Table 5.320. In order to assess the risk of a

transportation accident, it is necessary to know the fraction of radioactive material that is
released when involved in an accident of a qiven severity. Tr,p models are postulated for this^-
analysis, anA ttre-fiJctionii iefeiiei ror-eiiir moaei-are'shou,n-'in Cotumns 3 and 4 of Table 5.320.
Uodei I issumes canplete loss of the drum contents; Mode'l II, based upon_actual tests' assumes

partial loss of the'drum contents. The packaging is assumed.to be Type A drums containing
iow specific activity (LSA) radioactive materials. Considering the-fractional occurrence anci

the release fraction (ioss) tor Model I and Model II, the expected fractional release in any
given accident is approximately 0.45 and 0.03, respectively.

' Table 5.3.

Fractional Probabil ities of 0ccurrence and Corresponding
Package Release Fractions for Each of the Release Models
for LSA and Type A Containers Involved in Truck Acc'idents

Accident
Sev er i ty
Category

I
II
III
IV
V

VI
VII
VIII

Fractiona l
0ccurrence
of Accident

0.55
0.36
0.07
0.0r6
0.0028
0.00] 1

8.5x.l 0-s
'| .5xl 0-s

Model Its-[-
Type A

0
'l .0
1.0
1.0
'| .0
'l .0
l 0
'l .0

Mode'l I It$-r--
Type A

0
0.01
0.1
1.0
'| .0
'| .0
'| .0
1.0
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For Model I and Model II, the quantity of yellowcake released to the atnosphere in the event of
a truck accident js estimated to be roughly 7400 kg (.|6200 lbs) and 500 kg (.l.l00 lbs),
respectively. Most of the yellowcake released from the container would be deposited directly
on the ground in the immedjate vicinity of the accident. Some fraction of thb released
matenial, however, would be dispersed to the atmosphere. Battelle has developed expressions
for the dispersal of simjlar material to the environment based on actual laboratory and field
measurements over several years.rB The following empirical expression was derived- for the
dispersal of the material to the environment via the air following an accident involving a
release from the container:

f = 0.00.| + 4.6 x 19-+ (l-g-o.15ul) u1.78,

where:

f = the fractional airborne release,

u = the wind speed at l5.2 meters (50 ft) expressed in m/sec, and

t = the duration of the release, in house

In this expression, the fjrst term represents the initial "puff" immediately airborne when the
container is failed in an accident. Assuming that the wind speed is 5 m/sec (10 miles/hr), and
that 24 hours are available for the release, the envjronmental release fraction is estimated
to be 9 x l0-3. Assuming insoluble uranium all particles of which are in the respirable size
range and a population density of .l60 people/mi2 characteristic of the eastern Unites StateszI,
the consequences of a truck accident involving a shipment of yellowcake from the mill would be
a 50-year dose conmitmenta to the general population of approximately 13 and 0.9 man-rem to the
lungs for Models I and II, respectively.

A recent accident (September 1977) involving a commercial carrier, carrying 50 steel drums of
uranium concentrate overturned and spilled an estimated 6800 kg (.|5,000 1bs) of concentrate
on the ground and in the truck trailer. Approximately three hours after the accident, the
material was covered-with plastic to prevent further release to the atmosphere. Using the above
formula and values of wind speed for a fractional airborne release for these three hours
duration of release, approx'imately 5q kS (.|23 lbs) of U30g would be released to the atmosphere.
The consequence of this accident would be a SO-year dose corrnitnent to the general population
of ll man-rem for a population density of l60 people per square mile. The ionsequence for the
accident area where the population density is estimated to be 2.13 people per square mile would
be a 50-year dose commitment of 0..|46 man-rem. This can be compared,to a S0-year integrated
lung dose of l9 man-rem from natural background.

The applicant has conrnitted to submit to the NRC an emergency action plan for yellowcake
transportation accidents. This emergency action plan is intended to assure that personnel,
equipment, and materials are available to contain and decontaminate the accident area.
Submittal of this plan will be a license condition.

5.3.2 Shipments of Ore to the Mill

According-to the aPplicant, the average distance to the mill from the producing mines is approx-
imately 80 miles (.l30 krn), and roughly 4 x'105 vehicle-kilometers* are'required annually tb'haul
the ore by truck to the mill. 0n the basis of truck-accident probabilities cited in the previous
section, approximately five truck acc'idents involving the transport of ore to the mil.l woutO Oe
expected annua11y. Actually, the applicant has experienced less than one spi11 per year (at 65%of the expanded capacity).

The ore as it comes from the mine contains a significant fraction of moisture and has a lower
percentage of fines than ore after jt has been crushed. For purposes of analysis, it is con-
servatively assumed that the ore contains 0.1% dust by weight, and that in an-accident, al1 ofthis dust would be released from the truck and be avai'lable for dispersal. Furthermore, the
environmental release factor of 9 x 10-3 derived in the previous section from the Batteile
formula is assumed valid.

Based on the foregoing assumptions, the quantity of dispersible ore released to the atmosphere
in the event of a truck accident is estimated to be roughly 3.8 ounces (l'10 g). Assuming thatall of this dust is in the respirable range? the estimated S0-year dose conmitment to th6 lungs'is plotted in Figure 5.7 as a function of distances from the spill (assunring short-term d'ispeision
characteristics appropriate to the mill site)

*Updated for the expended capacity cited in recent documentation.
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5.3.3 Shipments of Chemicals to the Mill

Truck shipments of anhydrous anmonia to the mill, if involved in a severe accident, cou]d con-ceivably result in a significant environmental-impact. Approximatelv is5 rhipr.nii ot anhydrousamnonia are made annually.in 5000-gal'lon (.|8,900 i) tanr li..uirs irom-a irppii6i:-iilatea apiioiimatelyll0 miles (180 km) from the mill. -

The annual U. S. production of anhydrous anmonia which. ls shipped in that form is approximately6.9 ' 106 MT. It is estimated thai about 261t or lne-itripmeni5'a"e made by truck (w\tn tneremainder by rail'-piP9lll9'.and. barge). Assuming that ihe average truci-sfripmeni"is rougtrtyl9 |!I' approximately 93,000 truc! shipments of an[ydrous anmonia ire maae i;.;;iit. Fromaccident data collected by [DT,ls there are about i40 accldents per year invoivini-truck shlp-
ments of_anhydrous anmonia.* For an estimated^averagg shippils {istince oi sso ririi-isoo if,l,the resulting accident frequency is roughry_4.3 x 10:6 per'initi e.j ,-io:a;;; ffii. The DoTdata also reveal that a release of anmonia [1700 lb (77b kg) on ihe average]-resuiiea rrom
approximately 801 of the reported incidents, and thai an iijury to the geieial pubiic ociurredin roughl.y 15% of the reported lncidents invorving a releasi. - (Most or"ir,e iru["i", 

""""sustained by the driver.)

0n the basis of these data, the probability of an injury tq the general public resultinq from an
average shipment of anhydrous armonia is roughly 4.8-' l0-7 per frile (s;.-io" per-iril" ii,i; -"
would be expected to be an overestimate for shipments ln the'vicinity'of the Atiis miil becauseof the.relatively low population density. Neveitheless, acceptinj t-trts esiimliil-ilt. tikelihoodof an injury to the general publlc resulting from shipm6nts oi anionla to the mift is predictedto be roughly 7 x l0-3 per year.

*The DOT accident statlstlcs are extrapolated from the number of shlppers reporting, estimated
at about lOX of the total number of shlppers.
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6. MONITORING PROGRAMS

6. I AIR QUALITY

Meteorological monitoring equipment currently installed-a! lfe site continuously records pres-
sure, temFerature, relative'humidity, wind s-peed, and wind direction from an area within the
mill boundaries. Suspended particuiite matteris monitored by 20 high-volume samplers located
outs.ide the plant at bistancbs up to l5 miles (25 km) from the site. The trapped particles are
analyzed for natural uranium content.

M.ill emissions are reduced by stack emission control devices. The wetted areas of the taiiings
fi les witl general1y have minimal dust-emission problems.. Dust.suppression. may. be required
hu.ing particularly-windy periods, and will be achieved by wetting the dry-beach areas or appli-
cation of chemicals (Sec. |0.3.2).

6.2 LAND USE

Stabilization of the tailings pond and reclamation of the mill site will be performed in accor-
dance with the Utah Mined Lind'Reclamation Act (Utah Code Annotated lg53, 940-8.l, et seq.), The

ippii.ini's ieclamation plan (see Sec. l0) has been agreed upon by the Atlas m'i.ll.and the State
oi'Utaf' Division of 0il,'Gas ind Mining and Departmeni of Natural Resources. Mitigative measures

for th.is plan are p.esented in Sectioni .l0.2 a;rd'10.3. Surety arrangements with the State of
Utah will'insure that sufficient funds are available for completion of mill decormissioning and

tai l i ngs recl amati on.

6.3 I'IATER

The applicant has extensively monitored river water quality and plant effluents because of the
pro^ihlty oi the mill to the Colorado River. The liquid effluent monitoring programs meet NRC

requiremLnts and comply with State of Utah regulations and EPA guide'lines.

The surface water monitoring programs are designed to acquire the following data:

. Radioactivity and salinity of Colorado River water above and below the p1ant.

. Dissolved and suspended solids in the river water pumped to the mill water treat-
ment Plant.

. Radioactjvity of the tailings decant liquid.

These pre-application monitoring procedures are sunmarized in Table 6..| and described in detail
in the En (fiOte 6..| and Sections 6.4.2 and 6.4.5).

Information on levels and quality of groundwater has been obtained through two programs. As a

pu.i oi u itudy of the taifings irond iystem, the applicant installed monitor wells to determine
i["-g"ornaruiei gradient and io bvaluaie the radioibgica] and-chemica1 characteristics of the
giornarit.i in tfre taitlngs pond area. Monitoring-oi chemica'l effluents', radionucl.ides, and

iater levels has been conducted since December 19i2. The applicant also dug two additional
monitor wells near ttre-eiii boundary of its property where ihe groundwater is expected to be

,nuti".t"O by the mitiing operitioni. These'prbgrams.are also presented in Table 6.1 and ex-
plained in detail in the ER (Sections 6.4.2 and 6.4.5)'

Applicant's Proposed 0perational Monitoring Programs

Monthly analyses of the radionuclide content of Colorado River water at six Iocations wil'l con-

li;u;,"u-ing-the State of Utah's "Code of Waste Disposal Regulations" as the appli.cable stan-
dard. Seepige water-irom ine nronitor wells, locatei between the tailings pond.and the Colorado

niver, wiii iontinue to Ue analyzed for radionuclides and for a number of chemical parameters'

including toxic materiali such is arsenic and selenium (see Table 6.4). However, because direct

6-t



Table 6. l. Pre-Application water Monitoring programs (from ER, Table 6.1 )

Samp l i ng
No. of

Tes t l'4ed i um Samp I ed
Method and
Frequency Location

Tes t
F requency

Components and
Parameters MeasuredType

Colorado River water

Co'lorado River water

Radium treatment
pond effluent

Radium treatment
pond effl uent

Reactivator sludge

Radium treatnent
pond feed

Treated feed water

Tailings area

Atlas property, atvay
from tailings area

Monthly grab
(I gallon)

Dai ly grab

0rifice meter

Conti nuous

SURFACE 1,,/ATER

Unrestricted Area

l'4onth ly compos i te

Monthly composi te
of daily samples,
weighted for flow
ra!e

6 total (l
above & 5

below miII)

Punpi ng
plant

Pumpi ng
plant

Radi um
trea tment
pond dis-
cna rge

Radi um

trea tmen t
pond feed

Reacti vaton
overfl ow

l2 monitor
wel Is

East side
of property

Same sample as for 3a

l'lonth I y

llonth ly

Dai ly

Monthly

Qua rter'iy

0ai ly

Itlon th I y

Mon th ly
estimate

l'lonthly

l,Jeek ly

Same as
samp l i ng

Radionuclides; lJn^y,
Ra-226, Th-230, P6:210,
(Pb-210 quarterly)

cl-, s0!=, N0:-, TSS, TDS.
0ccasionally: K+, Fe,
Na+, F-, Ca++, l'4n, l,4g++,
total hardness, pH, con-
ducti vi ty.
Flow rate

Radionuclides: U^ir,
Th-230, Ra-226, Pii:210

Pb-21 0

Flow rate

cl -, N0 r r . sOq, TDS, TSS,
Mg", Ca", Cu, Fe, con-
ductivity. 0ccasionally:
Na-, K', F-, l'4n

Total sol ids discharged

Radionuclides: Un:t,
Th-230, Ra-226, P6:210

Total hardness

llater 1eve1 Ra-226,
Th-230

Po-210, ur0a, V20s, Cl-,
Soq=, N03-, Na+, K+, Cu,
Fe, TDS, total hardness,
conductance, pH

Unu1, Ra-226, Th-230,
Po-2 I 0

o
I

N

Daily grab
(400 ml )

Daily grab

t2/8/72,2/8/73,
then quarterly

0n ce

March 1973

Restricted Area

l4onthly composite
weighted for flow
rate

Compos i te

GR0UNDt,iATER

Grab

Additional for 12/8/7?
)amp I es un ty

0nce
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discharge to the colorado River has been eliminated, the fiquid effluent monitoring programs

will be discontinue<!. Some of the chemical testing programs now applied to various liquid

Drocess streams, incfuOiig-water iupptV, will be c6ntinueO for process control purposes'

Related Environmenta'l Measurements and Monitoring Programs

stream flow and water quality of the colorado River are measured by the u' S' Geological survey

in cooperat.ion with tnd-Stat"e of Utah anO iifre" i"O.iuf agencies. These data are published

;;.;;iit uv il'" u. s. eeoiogical Survey in "water Resources Data.''

6. 3. I Surface l,Jater

The amount of water withdrawn from the colorado River for use in the mill is continuously mea-

sured by an orifice meter.

6.3.2 Groundwater

No groundwater is utilized for any m'i1'l operation. Groundwater levels are measured' however' in

monitor welIs with a taPeline.

6.4 SOILS

seepage from the tailings impoundment can contribute salts to the subsurface deposits' or even

to the soits between'i'ri:"p;;[";il;;i; ;;io;;ao River. However, an analvsis of recent subsurface

iiroi.t-AiO not indicaie that such salt accumu'lation has occurred'

6.5 BIOTA

6.5. 1 Terrestrial

In the op.inion of the staff, routine monitoring of the terrestrial biota is not warranted'

because no sign.if.icant impacts are expected to occur as a result of the proposed relicensing'

6.5.2 Aquatic Biota

It is the staff,s opinion that rout.i ne mon.i tor.ing of aquatic biota.i n the Colorado R.iver.i s not

necessary because the probability of uau.ti.-itpi.i to'indig"nous aquatic conmunities is extreme-

1y low.

6.6 RADIOLOGICAL

6.6. 1 I ication Envi ioloqical Monitori and '| es

The app'licant has conducted milling operations since l956' A radiological environmental moni-

toring program nu, rniiiii"d at thit tit"'ino-tii'iuusequentty been eipanded' Details of the

existing program.un u"'iorna-in ih" upprilait'''i-rnvi.oritnentai Report and are surmarized here in

Tab.le 6.2 and Figure olr.--r'r"uir""a-r"ubrr-oi "iaioa.tivity 
averaged over five years of operation

are shown in Tab'le 6.3.

several studies have been conducted to determine the Rn-222 concentration near uranium mill

ta.iling ponds.1,2 fne-resufts indicate ti;f ih; gn-222 concentrations in air iust above the

tailings pile or in tie'inrmeOiate vfcinity-i'lest lt'un-SOO feet or 150 m away) did not exceed

l6 pCill above background.

6.6.2 Future Environmental Rad'iological Monitorinq Proqram

Radiological monitoring wil'l continue throughout the entire,operating phase of the mill' A

mod.ified schedu'le ot'litl';;q;;;;i;;; niii-6" 
"tproyed 

based on previous measurements sathered

by the applicant. Th;;;";;;il-i;;;ffi (iu*a"ileo"in Table 6.4) provides a comprehensive

monitoring approacn to-""ir""-riiimim "adiotogical 
impact to the environment.

The surface water program for the co]orado River described in section 4'3 will remain unchanged'

Three groundwater weiis rocated between ilr."iiiiingi-ur"i-ana ine cotorado River (Fig' 6'2) wil'l



Table 6.2. Pre-Application Environmentar Radiologicar Monitoring program

Environmental Material
El ement Sampled Location Method r,eqffi ,..Jiil., t'o,o?:";[,ladiation

Surface water Colorado River One site upstream Grabuile srre upsrream Grab Month.ly Monthlyofmil1, fivesites (l gallon) Gross gy, Urer, Ra-226
Th-230. Po-216

Surface water Rad.iun treat- Treatment pond
ment pond discharge
effl uent

Surface water Radium treat- Treatment pond
ment pond feed
effl uent

Groundwater Test wel l
water

Soi I

Ambient air Airborne
fi l tered dust

Ambient air Airborne
filtered dust

Ambi ent

downstream of mill

'| 2 moni tor wel I s Grab
near tailings area

Quarterly pb_2.l0

Grab Daily Monthly Gross gy, Un61, Ra-226
Th-230, po-Zt0

Quarterly pb-Zl0

Grab Dai ly Monthly Qrogs gy, Up61, Ra_226
Th-230, po-2 10

Topsoil 14 locations around Grab(representative) site

Quarterly pb_Zl0

Quarterly Quarterly Gross gy, Un61, Ra-226 i
Th-230, po-2T0

Once March i973 Gross gy, Un61, Ra_226

Monthly Month ly UgOa

Quarterly Quarterly Us0e

20 locations onsite High-
vo l ume

20 locations offsite High-
vol ume

lSti?lll'ol[3"0 ;:lli;t Quarterlv Quarterlv Direct readins v dose

counter

External
radiati on
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Fig. 6. I . Existing Environmental Monitoring Locat.ions.

I-20 Airborne Parriculate Samplers (LOCATIONS 1 and 20 ARE OFF MAp)

A-N Top Soil Sanple (LOCATI0NS A AND N ARE OFF MAP)

R1-R6 Colorado River l^/ater

SCALE III [,ItLES
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Table 6.3. Level s of Radioactivity in the Environment
(measurements have been averaged over the specified time period)

Peri od Acti vi ty MPC Un it Activity Uni t Activity Uni tCategory Locat i on

Surface
Water

Surface
Water

Groundwater

Groundwater

Ambient Air

Ambient Air

Topsoi I

Co] orado Ri ver
Upstream from mill

Co] orado Ri ver
Downstream from mill

Monitor Wel I s
Near tailing pond
(restricted area)

Monitor t,Jel'l s

Between tailings Pond
and Colorado River
(unrestricted area)

Entrance to mi'l I site

AlI stations
70. 5 mi I es f rom mi'l I
si te

Greater than one mile
from the site

1971 -7?

1968-72

1973

't973

't968-72

1968-72

I 973

7.0

7.8

'130

3400

0. 33

0. 34

30

6

^^aJ.U

3. Oa

h
400"

h
30"

pCi/I

pC i /'l

pCi/l

pC i /'l

t1

o.z

12

6704

6704

50, 000b

pci/l

pCi/l

pci/l

30,000b

6 ,7004

6, 7Ooa

'I ,000, 000b

pCi/ l

pCi/ l

pCi/1

pCi/ l

',9-o pci
I air

.,9_e pCi
I air

ppm U30s
!rem/ hr

2,000b pCi/l

Ol
I

Ot

t40

57

5 , O00b

5, 00ob

I .53
4

83:
)t

aUtah Stat" standard for Colorado water.
bNRc standard (lo cFR 20, Appendix B).
CNRC standard based on MPC for Un6g in water (10 CFR 20, Appendix B).
dNRC standard (]0 CFR 20.]05), (based on 0.5 rem/yr total body dose).



TabIe 6.4. Future Radiological and Non-Radiological Monitoring program

Sampl i ng
Envi ronmental

El ement
Material
Sampl ed

Location
(see Fig. 6.3) Method Frequency

Test
Frequency

Isotope or Radiation
and Chemicals

Identi fi ed

Surface water Colorado River One site upstream
of mill, five sites
downstream of mill

Fourteen locations
around tailings pond
area and near site
boundary and particulate
collectiona sites

Three mon i tor we] 'l s
located between
mil I and Colorado
River and several
natural sites for
compari son

Site boundary NE and SE
Tex's tour center
Arches papk headguarters
Near MoabD
Background (remote from
site)

Same locations
as airborne
particul ates

Yellowcake dryer
stack

Monthly Monthly

Quarterly

QuarterlyQuarterly

Quarterly Quarterly

Gross 61, Un61, Ra-226,
Th-230

Pb-21 0

Direct reading 1 dose
rate

Gross 3y, Un61, Ra-226,
Th-230, Pb-210
K+, Na+, Cl-, sou=
N03-, Cu, Fe, Mn, As,
Se, TD!, conductivity,
and pllL

Unat

Ra-226,. Th-230

Rn-222

UaOe (nat)
Ra-226, Th-230c

External
radiation

Groundwater

Ambient air

Anbient air

Anbient air

Amb i ent

Monitor well
water

Ai rborne
suspended
particl es

Gaseous air

Particul ates
from yellowcake
dryerc

Grab
(1 gal lon)

Sci nti I -
I ation
counter

Grab

Conti nuous

One week
conti nuous
per rnonth

I soki neti c
sampl ing or
equivalenta

Filter change
weekly, or as
required by
dust loading

Monthlyc

Semi -
annual lyc

Monthly
(composi te)

Quarterly
( compos i te )

Monthlyc

Ol
I\

Semi -
annual lyc

a"standards of Performance for New Sources,,, Federal Register 36, No.
bAbout 2.7 kn from the site.
cstaff recormendation.

247, December 23, 1971.
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be sampled quarterly. Information frorr these wells will be used to ensure the integrity of the

tailinbs porid systeir ana to detect any migration of radionuclides toward the river'

Certain nonrad.io'logica] chemicals will also be monitored to detect and quantify groundwater

ioniimination whici might precede detection of rad'iological contaminants'

Radioactivity in airborne suspended particles wi'll be monitored at locations near the site
boundary and outside ifre oounbary. .rne s"ieition of off-site locdtions was based on demographic

;;ilil; iiia p""uaiitig-r,ind ion"dittont. These measurements wi ll include !na1,^Ra-226, and

Th-230. A program to f,eisu"e concentrationi-oi in" radioactive noble gas Ri=222 will be initi-
ated to ensure protection or tne environment in the vicinity of the mil'|.

External radiation measurements will be taken in the restricted area' Fourteen points around

the tailings pond uni-mo"e if,an 50 points wiit'in the process area wi'11 be checked guarterly'

The sampling frequency and the number_of sampling locations may be changed in the.future when

necessitated uv cnanging"environmentat ano-aimogiaphic patterni, subiect to ratification by the

NRC.

References for Section 6

l. f,Evaluation of Radon 222 near Uranium Tailings Piles," Joint report 9I t!9 U' S' Public

Hea'lth Service anO-tf," Atomic Energy Conmission in cooperation with the State Health

Agencies of Co'lorado and Utah, March 5' ]969'

Z. R. N. Snel'ling,',Environmental Survey of Uranium Mill Tailings Pi'le, Mexican Hat' Utah'

0ctober 1969,u U. S. Public Health Service'



7.1 AIR QUALITY

The unavoidable impacts of the mill on the air
suspended particulates occur, but their impact
small chemical emissions anticipated will have
area.

7.2 LAND USE

7. UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS

quality of the area are few. Some increases in
on the- air quality of the region is minor. The

a negligible impact on the air quality of the

The area's topography has been altered by the presence of the mill, and the restricted area will
be permanentfy iftbrla after the milling operation is completed. The tailings produced by the-
mili will remiin, thus making it impossible to restore that portion of the area to its original
topography.

The land on which the site is located is valuable by reason of its proximity to the city of
Moab, to recreational and commercial developments that have occurred and will continue to occur
a.ornd this land, and because relatively few acres in the area are privately.owned' Restriction
ot tne tailings pil" a"eu after mi'lI closure (currently'll5 acres) is a significant but unavoid-
able impact on the growth potential of the mill site area.

7.3 WATER

7.3..l Surface Water

M.i11 operat.ion results in the annual removal from the Colorado River of 121 gpm (241,000 Ttlht)
ot *uib. (SRR, fig. 3.1-2, Material Balance). This is a minor withdrawal in comparison with the

iu""ig. fjow 6t tfie river. No other impacts on water resource use are anticipated-

7.3.2 Groundwater

A minor deterioration in the quality of groundwater and river water can be expected from fiquid
talpls;, i;;; i;;-i"iiings pond. Imirortait parameters of concern are radionuclides, total dis-
sotved solids, and toxii eiements such as arsenic. The magnitude and extent of these water
quality changes, as 

"el1 
as mitigating factors, have been discussed in Section 4.3.

7.4 MINERAL RESOURCES

Mining of the principal uranium ore deposits will deplete the higher-grade ore.bod'ies. However'

if ii"becomes frofitiUle and/or necessary, reworking of the mill tailings and the remaining

lower grade ore can readily Le accomplis-treA. As there are no other known mineral deposits of
economic value.in the immeiiate vicinity of the mill, no impacts on minerals other than uranium

are expected.

7.5 S0tLS

Any soil profile development that may have existed at the tailings pond site.prior to mill con-

struction has been irreirievably buried undei the tailings. Similaily, if the alternative tail-
ings pond site is util ized, additional soi I wil'l be buried'

Due to the nature of the tailings material, and possible clay_cap matenial, the staff expects

ii,it-inv iriil.. soits-lnai a"veiop over.the tailings pond wiil be under'lain by gypsiferous-like
horizons, wh'ich may adversely affect soil development.

7-1
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7.6 BIOTA

7.6.1 Terrestrial

All biotic communities existing at the tailings pond site prior to mill construction ano opera-tion have been destroyed., Most of the vegetalioh at the mitt sit. has been a.ii.oy.o or replacedby highly disturbed, weedy communities, including exotic species (ER, Section-i.g.1, p. Z_27).

7.6.2 Aquatic

The staff does not expect detectable adverse impacts on aquatic b.iota.

7 .7 MDIOLOGICAL IMPACTS

The operations at the Atlas mjll wjll result in the release of radioactive particulates jnto theair-and o.f Ra-226., by seepage, into the Colorado river. The particulates released .into the airwill be deposited on the ground in the environs of the mill. This will resuit in an increase inthe level of ambient radiation around the mili due to direct radiation. However, ih. .in.."ur.
is small and will not cause the environment around the mill to become a health hazard to thepublic (see Sec. 4.7.2\.

The amount of Ra-226 entering the Colorado.River by seepage is small, and the lowest expectedflow rate of the river will provide sufficient dilution'to keep the Ra-226 concentration in theriver water at less than one percent of the maximum permissible concentration.

7.8 SOCIOECONOMIC IMPACTS

Any disrupt'ions to the local conrnunity by the location and operation of the mill have occurreo
and have been mitigated.



8. RELATIONSHIP BETJEEN SHORT-TERM USES OF THE ENVIRONMENT AND LONG-TERM PRODUCTIVITY

8. I THE ENVIRONMENT

The local short-term effects of continued mill operation are those associated with any large
ore-mi1ling facility. The natural vegetation of the irrunedjate area has been altered and its
carrying cipacity for select wildlife-will continue to be temporarily reduced. _Releases of
radi-oaciive'and nonradioactive materials will be maintained at levels below applicable limits.
A continuing environmental monitoring program will provide a basis for detecting and assessing
impacts thai might lead to long-term-eifeits, so that timely corrective action can be taken if
requ i red .

Most local areas affected by miIling will be reclaimed after operations are terminated. Except
for the stabilized tailings piles, lhe appeaiance of the reclaimed site will differ'little from

that of the surrounding aiea. The short-term disruption of the landscape wil'l_not adversely
affect long-term estheiics if proper mitigation measures are taken when the mill facilities are
removed.

8.2 SOCIETY

The short-term societal effects of mill operation involve impacts of the work force on the loca'l
communities and impacts on the mi11 employees and their families. Improved.transportation and

new jobs will brin! people and businesses into county population centers and increase the pro-
poition of workers'cbmmirt'ing from these centers to the mill. The magnitude of-1ong-term socio-
bconomic impacts, and their-effects on the work force and local population, wi'll depend on the
changing conditions within the county and its communities.
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9. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

9.'I LAND AND MINERAL

9..l ..l Land

Land presently occupied by mill buildings (85 acres) and land not used for milling operations

i;b;ri iOO i.i."t of'Atlas-Minerals propirty) can be restored to its original use following
mill shutdown. The tiiiings piie ai^ea'(prisently 115 acres) will be stab'ilized, but not avail-
able for total reclamation.

9.1 .2 Mi neral

The extraction, mi11ing, and eventual use of uranium oxide produced by the Atlas operation are

considered irreversibl6 and irretrievab'le. However, portions of the extracted uranium can be

recycled jf the appropriate technologies are implemented.

9.? I^IATER AND AIR

9.2.1 ldater

Some water used in processing the ore and in slurrying the tailings_is eventual]V lost through

evaporation. Howevbr, becauie of the large volume of-water available in the Colorado River, the
p"opo.iionitely imall amount of this watei that is lost is not considered to represent an irre-
versible or irretrievable conmitnent of this resource.

9.2.2 Air

Because air is not "used up" in the milling operation, and because the atmosphere.is self-
ii"ining of pollutants at the anticipated iow'concentrations, no irreversible or irretrievable
cornjtments of air resources are expected.

9.3 BIOTIC

9.3.l Terrestrial Biota

About 200 acres (80 ha) of desert grasslands at the Atlas site has been cormitted to the milling
of uranium, including i|5 acres (q7 ha) irretrievably conunitted to the disposal of tailings.

The staff predicts that a badlands vegetational conmunity will develop on the tailings-disposal-
u""u-ioftowing reclamation. Plant roots may penetrate iirto_the.tailings materia'l,.which resembles

ivpiii..rri li.v-(i..-i"i. q.o.r.z). Thus,-the llS-acre (a7-ha) tailings area must be considered

as irretrievably committed to mil1ing.

The desert grasslands biotic conununity appears to.have the highest agricultural.potential of any

natura'l commun.i ties of tt'" region, wtrireii the badlands conununity-has the'lowest agricultural
poientiaf. Approx.imiteiy-+OZ"ot lhe desert grasslands of Moab Valley has been committed to the

inttt'ing of uran'ium for the life of the proiect.

9.3.2 Aquatic Biota

The staff does not anticipate a detectable commitment of aquatic biotic resources.

9-l
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9 .4 MTER IAL RESOURCES

Although no estimates of the volumes of chemicals and reagents utilized in the milling process
are available, these resources will be consumptively used-and are therefore considered irre-trievable and irreversible commitments. The major chemicals utilized in milling include concen-trated sulfuric acid, sodium chlorate, and anhydrous ammonia.



I O. ALTERNATIVES

.I O.'I ALTERNAT IVE SITES

The use of any alternative sites for the mjlling operations and tailinqs ponds would not greatly

reduce the env irorunental impacts at the pt,lti.t";[;';;i-;'iJ create iaoitionat environmental

impacts at a new site.
.I 0.2 ALTERNATIVE PROCESSES

The presently util ized mi'l1ing processes are in confovmity with present-day state-of-the-art
technioues for uranium-ore extraction processes'

IO.3 ALTERNATIVE METHODS FOR TAILINGS MANAGEMENT

'I 0.3 .l Introduction

For the purposes of this section, "tailings management'r is defined as the disposition of the

ta.il.inqs and waste leach solutions folfo"ing exiiiition (separation) of the uranium-bearing

solutions; tailings,,stabilization,, is 1'""lon?ui"i.ri oi:ihe tuitings j! ygtt a wav that long-

term leach.ing of mi11.ing unstes to grounowai.r-o, irUsu.tu.. *ui""i'1 i minimized and applicable

radiat'ion safety limits are not exceeded;i-uno;reiiimation" ii-it'e restoration of affected'land

to a cond.ition equal to or greatel t!'ran tt'e"f ighlii,Of:yilltrl;e' Decsnmissioning of the m i'll

must therefore include disposal of the taiiingi in a'manner that will fulfilI the requirsnents

of both stabilization and rec'lamation'

The staff position on effective taif ings management 'includes the following: l) the tailings dis-

posa.l area shoutd oe (a) operated sucn.il'Ji"ll;;;;;;-i;"ii materiats to-sroundwater is elim-

inated or reduced to the maximum extent tlJtJti'Uii'tittievaUte' and (b) opeiated such that blow-

inq of ta.i1.ins, to ,nrlitiiifeo a""as it ;iil'i;;i6al-z) atter cessaiion bf p'lant operation' the

d.isposa.l area shoutd ue-itauitized in. *;;;;;"ih;i'rlit reduce direct ganrna radiation to

essentially that of background and radon etlination to about twice background;3) following

successful stabi'lization, tne need for.t;;;li moniioting and-maintenance programs should be

el.im.inated; and 4) the applicant shou'ld piovi6e srrety arranganents ensuring that sufficient

funds are available to ccnplete stabil itution-inJ-reiiamation plans including mill decommission-

ing.

Engineering techniques to control pollutants frqn tailings storage' both during operational and

postoperationat stag!i oi u-tirr ing p"o:Ji, r'uu'. u""" dhonstriieo' The unique characteristics

of each facil.ity rrri"u!'ii.iiiiti"i,'ana'i[.n ippropriate environmental controls must be appl ied'

A'lternatives pr"r"nriy-iu;;i;bi" oi't.utiUi'l tii!.,"p0!"ntiuttv available with ex'istins tech-

nolosy and within r.dir'litii"iinir) ;;;-;iilt;;a'ih section io's'z' The number of options for

stab'tizat.ion and re6tamation of the m.il"#ii;;; ii ir,"-niiut mill is constrained bv the fact

that the mill has been in operation for about 20 years, ana consiaerable amounts of waste tail-
ings have alreadY accumulated'

1 0.3.2 Al ternatives

Alternat'ive 'l

Alternative I consists of continued operat'ion of the o<isting tailing: T!tli:9:^area in much

the same manner as in the past. glowing-ot-luiling, to unrestricted areas during norma'l opera-

tions upuld be prevented by the use of cf,sniiii ciJsting agents' The ent'ire area r'ou]d be

fenced.

Rec'lamation will begin as soon as the area has reached sufficient dryness (probably within tun

years fo.aowing n,iri'rr,riai*'j.--1;-oli;"d;id'u"-i.ip"a u.no .ontori"d such that sr'me tail-
inqs wi.l I be covered by at.l east five r""t"oi'non-tii'nb tairings and to prcrnote runoff frorn the

oiie. The tailinqs hpulO be capped wittr-itav i*pottta frcxn-off-siie' in'turn.overlain bv silty
tine sand obtained frcrn the site and orJ irit oi'ibpioir. rr'. thickness of the clav layer pro-

posed by the appli.ini unriO-be one toot over non-siimes areas and vou'ld be'l'5 feet in areas

where fjve feet of non-slimes overlie.sfimes. ihe thicknets'of-iitiV fine sand proposed by the

appr.icant unurd be ).1 i;;t-ir-iron-siir"r"i""ur"iia-i.1 ieet in ireai where f ive feet of non-

l0-]
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;l;T;t;::ilie 
sl imes. After coverins, the area r,',ourd be revesetated with appropriate

The clay, sand, and topsoil above the tailings pile will substantially reduce the radiationhazard, hrt mav be inadequate to preveni._the"pgietraiion oi'ptant ioois inio-il,""tuilings. suchpenetration rculd result in uptakb of radionuiiiJ"r-Jtii to"il etemenii-inio-ae"iar portions ofthe vesetation' ttu;-grgy:9jP^l-rythuav for ir'ei.-eni"v-into tt'" rooJ crriinl-'nioitionar.ry,there is evidence that plants can rsnovl radon frqn soii ani'retease it above the ground;perhaps through the transpiration strean_of the pilna:"rie-oepilr of over51rden and soilnecessary to permanently isolate the tailings fr6m irt" lioipir""e will depend on the types ofplant species used to revegetate tne piie. -ror 
examfie,'it5'"ootr.of_biq pluestem, sw.itcfgrass,and Indian grass can o<tend downunrd io z, tf, an,i-g-ieit,"iespect.ively.r,+ The species in theseed mixture proposed 

Py tng applicani for revegetation includes l.lestern wheatgrass, the rootsof which can reach depths.of ui'to seven-feet.-"ijwever,'ii'r:s Oetieved that t-he hostileenvirorment provided- bv the^tail ings wilt pr;;rui;";;;i'perieiration into these materiat s. Tait _ings are generallv barien of plant"nuirienls, and this uicoJnt-t.in large part for their generalinability to support natural vegetation. In.-additior, ih.-iuirings will have a pH of aboutl'5 to 3'0, and will. contain trigt' ionientrations or driiiei-with heavymetals in lesseramounts' The low pH of the tailings r,'puld be hishly;;t;il.nt.r to-piiri;;;"t;.'- Atso, heavymetal toxicitv has been shown to pieveni successiul"r"u.g"[iiton of the tailings.5
It appears that these.conditions will preclude vertical_penetration of roots through the soi.lcover and into the tailings, but could'instead p"onoie tlieiat spreao of the root systems with-in the cover soils as has-bien noted for revegetated acid coal mine uastes.6
Uptake of radium or radon by plant roots therefore is not o<pected to be of concern.
The applicant proposes to minimize the effects of dust during operation by the use of appro-priate mea$lres to keep the particlet ,iil'in irr" p"oi""iv'i"i.". without appropriate controlmeasures' wind erosion of tailings vould recilt iir i'reJiciion or air qrality and depos.itionof radioactive particles on the ioil inJ vegetation una-lnio-.qratic systems. srcn depositioncan introduce radioactive material into the-fooa cnain-vii-i""Jgitig-.ifi;i;:' Til"presence ofsolid partic]es or dust (particularlv;";Ji o;-;d"Tiii.i'riv rncrease wear on the teeth ofthese animals and could rlduce plant'proouitivity-by stieraiig then frqn sunlight. Monitorinqto determine anv contamination by matLriats tioni iicrn ir'"-iriti;il ;iil il"i"i.iiu"a .r,,'Section 6.4.

The relatively permanent alternatives (srch as.concrete, asphalt, pVC or s.imilar sheers, orvegetative cover) for the control of dList are inapprop"iui"'ro. use during mill operationbecause the tailinos surface will continue to inci-basi in-erevation by adut s f;;i (1.5 m) permillion tons of dri, sotiai Jepoiiteal-0"-atort 2.s-ie& (o.i,i) per year (at the present tait_ings disposal area).. n cover'iqnpoi"a-br t6se srbsa;n.,ir'*rto_ue overlaid peri6dically bynew tailings, requiring freq.rent i.eapprication d-;;i;il;; ii! ertectiveness.
The only viable a'lternatives proposed.by-thg applicant for dust control during mi11 operationare l) wettins the beach.areas bv contr6r.oi ii!iirs;-aiiih;idi,"z)^"i"itiig'ii""'ili.n areas bysprinkling, and 3) applying chsnical crusting ig"nli-tR.il'T,'s...'s.'i,-pl'l.ii:ri.-
The planned addition of more tairings transport rines and murti-spigoting (Ref. r, sec. 3.r..r,p' 3'0-2) could serve to-wet as larle in-arba or.ilre-ponJ r"i.." as possible. Hov€ver, effortsto position the pond glrface to minimize the risk of [ur-t-:irre lould take precedence overwetting the beach, with the resrlt that much of the ueicrr couia 9lv 9ul-enough to permit blowingof the tail ings. Furtheymore, when wetting is ueing-;i;;;ft, the tail ings discharge will tendto channel itsetf, aga'in fairing to achiev6 the goii ;i;;fii;g the entire beach area.
A sprinkler systen sJitable for use with decant mter upuld reqrire high-trajectory sprinklerheads; hence, the uater 

-streams muld be susceptible p alspersion by wind. During high windsthe sprinkler systsn rculd have to be stut down, and tne OeiChes could dry out, a.liowingblowing to occur.

Low-trajectory sprink]er heads vould reqrire the use of fresh unter, which rrnuld increase thehvdrostatic head on the pond and therefoi" inCieaie-t"lpig","..a cou'ld interfere with thefunction of the oond (eviporating the r,ater frqn ih"-i;ii.t1;dt-material ). with either thehigh- or the 1ow-trajectoi"y--spriikler treids, tne r,ater wili"iend to channel _itself, reducingits effectiveness in contr6l 1 ing blowing. orip-ir"igution'mi!' reauce ;il;n"iii;s'ir tn"irrigation uater, hrt the.appliiant-rep6rts thit grc"L tvilemi"are inefficient foi iomplete arealcoverage (Rer. t, Sec. 3.l.jJ' p.-3.0+): sone proviiioi-io"-"iiiing tt'"-jrjp i""tgitionsystsn as the tailings surface'elerrati6n increaies vould be recprreo.
Treatnent of the beach areas with a chsnical c.ry-s!]ng agent uould solve the problems ofincqnplete coverage associated wittr wefiing. 

-uniile""ei;;;rei] 
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materials, the chqnica'l agent can be applied as fpequently as required With a rninlrna'l dis-

ruption of pond operationl However, th. cn"niiat iiiUttiier could enter the pond hater and be

recycled to the miff iiri'iit, where-it-couiJ'posiiOiV int"rtere with flotation or solvent-

extraction circuits (Ref. l, sec.3.1.4, ;:3.6:oi,-'ittiidJgn the operating costs for chenical

stabil.lzers would be sign.if icantly h.igh.r'itin ioi irrisa!ion,'ir'"' in'itiai capital expense (for

;-R;ir'iriin iprinkle;'a;viiei iicJniiderably'less than for an i*ieation svstsn.

The staff concludes that effective dust control can be achieved bv anv of the alternatives

d jscussed abov€, subj;i ;;ti-il ii'njiitiiiii'impoi.o-uv prevai'lins meieorolosiq11. conditions and

operationa'l problans arising from their fi;i"i;i;iion". 'Control 6f blowing tai'lings will be a

'| icense condition.

The dose rate froin ganrna rad'iatjon at the surface of the.uncovered slime section of the tail ings

is estimated to be l6't*iyt. The reduction ii-gatnrna radiation that rculd resu'l t after an

application of overhrrdJn'hepenOs on tfre aegree 6f compaction and mass stopping power of the

overhrrden. The staff has estimated thaii:'6'i.it io.b-ri of packed.earth will reduce the dose

rate from l6 rsn/yr to the background tev.T'it.orn tdrrestiiat-iource) of 40 mrgn/yr' For the

non-slime section of the tail inss, u pattli'Jttir' iou"t of l't teet (0'5 m) r^nuld be needed for

dose-rate reduction to background leve1, 
-i6.i" shielding requirements are adequately met by the

iuiiingi mitnagsnent plans contained in A1ternative l '

The radon flux from the uncovered surface of the s'limes section of the tailings is estimated to

be 1300 pCi/secm,. 
-it'. 

,iime, section "iif [.-.ov."eJ with f ive feet ('l'5 m) of non-sl ime

mater1al, frorn the surface of which ttt. 
"nunaiion 

iat. is estimiied to be 165 pC'i/sec<n2' The

covering schsne provided by Alternatiu" f iot-ti.-tiit"t section of the ta'ilings is expected to

reduce the radon-qenation rate to approxitii.iv-z't qcilqt-t"t' This is less than 4'7 times

the expected Uacr<gr^ouid'riAon *unutf bt rJi.-oi"1.O pbiTrnz-sec in the At'l as area' For the non-

slimes section, the coverlng 'ls expected io reduce the radon snanation rate to less than 5'8

times that of backgroino. in" stait estimitli-ir'it io" the slimes section of the tailings' a

60% jncrease .in the th.ickness of the ,and inJ a 35% increas" in tt'" thickness of the clay r"rou'ld

reduce radon snanat'ion to less than twit" latlg"o"O' fo" the non-slimes section' an 80% in-

crease in the thickness of the sand and u i6Z ini""use in the thickness of the clay vould bring

the snanation r.ate to less than twice ba;kg;;u;d: The thjcknesses of the layers rculd then

be (a) for sllnles areas covered !y five iilt"ii-non-liim"s' iopsoil - I foot' local siltv fine

naterial - 4.3 feet, clay - 2.0 feet, una"iqf ior-non-itim"t ai^"as, topsoil - I foot, local

iliiv'iin. material'- 4 ieet, and clav ' 1'75 feet'

The applicant,s conslu'ltant (Danes & MOore) has.used a value of 3.68 pCi/m2-sec for the back-

qround Rn-222 snanat.lon rate. This lvas.;;ai;;d-i;;-a soi'l ia*pi" t;keh less than 0'5 mile

irom the mill 'in March 
.1973. 

Because tt'e mlif-ftaa been in opeiition for over 15 years when the

soil sample WAS taken, Rn-222 snanat'iOn.tiiaut.O frqn this iampl.e raould represent technolog-
.ica1.ly enhanced background-rEther ttar pri-o-iiriiionir uaclqrouha. Frcrn thb nature of the soil
.in the Alas area, the staff estirnates u iui,l..i 1,0 pqi4-2,:qc,to !t l,!9"plS;gpirationa'l
background and this"uifr" ruJuiiiO-in-cartiliiii-tb ihe tov'ei thickness which will be requrreo

bv a license condition.

An env.ironnental monitoring program will be jn effect during mill operation'. Data from this
progr^am will be ur.O'io'oUiain i better uiir. oi the backgr6und radbn gnanatjon rate in the

At]asarea.Basedonth.ismeag]reauucr.grouna-Va'lue,the-appl.icantmaybereqliredtoadjust
the thicknesses of the ta jl inss coverins:iilit.;i:t6"i it'"'buJective 6f less than twice back-

grouna radon snanation rate fiom the recla'imed tail ings area'

The estimated cost of Alternative 'l is $3'3 mil'lion (lgzZ dol'lars) for the abandorment activ jties

described w'ith thicknesses proposed bV t-fre-applicint. No costi ire included for norrnal pond

oDeratiQn, or for tfi6-i.ir.i'sitb cover- thic knbsses cal cul ated absve'

Add'itional costs will be the'loss of.the tajlings-retention-site for other uses'since it wil'l

1ike1y be permanenti' resirictid. Minor i6iti i,iff be the temporary noise and dust senerated

bv the cover construition activities ona ii"-i"iipo"a"V fott oi'in "itituted 
80 acres of grazing

'lind jn the claY borrow anea.

Benefits would be that wind and wqter erosion of the tai'lings would be controlled' there upuld

be a reduction in garma radiation ano raion-r.ilai"-to-ip"Ciiiii levels, and-the appearance of

the pile would be 6nhanced. Future "..ii""V'ii 
ili^.tifi'in ttu tailings upuld be re1ativelv

ea sy.
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Al ternative 2

Alternative 2 is similar to Alternative-1 except that a gravel shell rrrould be used instead ofvegetative stabil ization. For Alternative 2, ihe fiirirdt-*uld be .ou.""o-"liI clay importedfrom off site, overlain in turn uv sitiv iir" i.ro-otiuji"oi"* ure iiie-inj'ii't" uicinity,and bv durabl e sandv.gravel . The-gravei il'icr,neiiei-*rii-u" tou,^ inites Jn-r"iutiu.ry f .lat
parts of the pile and one foot on ilopes. The thickneii or-tne siity-fine sand proposed bythe appljcant vnuld be 2.8 feet (over'non-slir"s) Jr s.i ieet (over slimes covered with fivefeet of non-slimes)'. 

-The-c1ay il'iclneii p"oposed by.the_app1 icant v'puld be 
.|.0 foot thick innon-slimes areas and 

.l.5 feet-thick in-ireur where iive feii of non-slimes overlie slimes.These thicknesses would have to be increased uut"J onit'",ioi" .onr"*ative background radonflux used by the staff if alternatiu.-li 
".r" chosen.

The estimated cost of the stabilization ggtiyities for Option z is estimated at 93.6 mi.llion(1e77 dollars). The site vuould ue-uni;.ii;;i;-i;;;;;";';tlr rorlowins stabi.lization. Theother minor costs discussed under Alternative-r *uii'[e ippiicaure to Alternative 2.
Benefits derived from Atternative 2 with cover thicknesses increased to meet the twice back-ground obiective v'rould be similar to Alternative r excepi-iltat tile plte r,ouio-i'oot ort of placewith the surrounding area because of ttre-gray-gravel cover, ino long-term seepage rvould begreater with Alternitive z, ai ihe-grau'"] "*urd i".u"-io-"iarice evaporatj'on and to increasepercolation of rainwater into the ti'ilings.- The gravei-cou""ing would effectively attenuatethe winds, and the staff believes that ihe tong-t6*;irk';;'tailings_dispers.ion'by blowing
ffi!10.ff.i;:l]flJ:,. cornparabl e proteciion rro,n Jiirupiioi' uy natuiat roi.ces rnouil resutt'r.o*

Alternative 3

Alternative 3 is similar to Alternative'l except that no imported clay liner is usecl. Thetailings vrould be covered with 6.4 reet (over-f,"r:;1;;;,'oi"s.o feet (over stimes covered withfive feet of non-slimes) of silty fine sand, in trin lJu6"ea with one foot of topsoil. The pileuould be revegetated with appropiiate piint species.

There unuld be no clay liner in this alternative which vould allow the percolation of ground-water through the tailings pi1e. seepaqe with this arternaiive could bb eni"isiue, therefore,no detailed radioloqical-review or th6 [trictnetses-p"ofo;;-;r cqnpleted since the alternativeis unacceptable bas6d on the increaieJ ieepage r.isk.

T.he estimated cost of Alternative 3 is $5.4 million (l 971 doilars). The additional costs andthe benefits rculd be nearly the same us for Rtternaiive |.' '

Al ternative 4

Alternative 4 v'ould utilize an artificial, liner. (PVC plastic) to control radon enanation and toprevent groundwater percolation through_the stabr:liiei iiiiirigs pile. The liner rvould be heldin place with a soil cover of .|.5 to2.s f;"i;hi.h-;ril'i# be revegetated with appropriateplant species.

The major hazards involved in this a'lternative are the Iim.ited Iife of the artificial 1iner,probablv in the ranoe of 20 years to a few fundred v"i"t, uni-the risk of the soil coverslippin!-off or beiig-eroded'away. -rtrere 
are.additional problens of root penetration of theplastic liner or accelerated llni,r aeCerioration oue-lo'"ipo*". to the chsnicals in theta'i1 i ng s.

|/hile the short term benefits of Alternative 4 would meet the desired objectives, the'longterm viability of this systen is questionable.

The cost of Alternative 4 is estimated by the applicant at $3.4 million (.1972 dollars).
41 ternative ,5

Alternative 5, as proposgo bv !h9 applicant, consists of continued operation of the existinqtail ings retention area in much the' sure runn"" ir i. it'"-p.ii. Foltowing milt stutdi;;'i'h"tailings would be transported to Site "A"lfor permanent stbrage. This siie is a-uox canyonlocated about ll kn northwest of the present,ii".- - -

Blowing of tailings to unrestricted areas during-normal operations uould be prevented by theuse of chenical crusting agents. The entire tar:lings u."I-*rro be fenced.

Transport and reclamatjon.of the tailings uould begin as soon as the tailings have reachedsiff icient drimess (probablv within tr'o-years toiiowing miii tt"td;*i: iffii;iings and any
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contaminated soil underlying the tailings would be transported by truck to Site "A". Site "A"
vould be fenced. Site ''4" vlould not be l ined to prevent seepage since the tailings would be

unsaturated and the clay cap would preclude future leaching of the tail ings by infiltrating
rainwater. The slimes portion of the tailings would be Nried deeply by non-s1imes. The

tailings placed at Site "A" would be covered with one foot of clay imported frcrn Site "8",
overlain in turn by 2.3 feet of si'lty fine sand frorn the vicinity and one foot of topsoil. The

area would be revegetated with appropriate plant species.

The estimated cost for transporting the tailings contaminated soil (assumed.to be two feet thick
under the existing pile) and of rellamation of the tailings at Sr'te "A" is $44.0 million (.l977

dollars). Associitbd costs are the loss of Site "A" for other uses since the area will probably
be restricted; the high energy consumption associated with transportation of the tailings and

the tenporary noise,dust and congestion created by the transportation and construction
activities. -There 

would be little change in total seepage cornpared with A'lternative l.

Benefits would include a more renote location, possibly reduced risk of disruption and dis-
persion of the tailings, gamma radiation and radon snanation reduced to specified levels and

the control of wind eiosion of the tailings. Future recovery of mineral values in the tailings
ranuld be relatively easy. The present Atlas sjte could become available for other uses.

Al ternative 6

Alternative 6 is similar to Alternative 5 except the tailings r^rou1d be moved to Site "B"I for
pennanent storage after mill shrtdovwr. Transport of the tailings and reclamation of the site
would be the same as described for Alternative 5 except the tailings urould be covered with four
feet of c1ay.

Site "8" is an area of low roll ing hilIs with an ahrndance of clay available, located about
24 kn northwest of the present site.

The estimated cost for Alternative 6 is $52.0 milljon (.l977 dollars). Associated costs and

benefits are similar to those described for Alternative 5. Seepage potential ttould be reduced
since the site overl ies the Mancos Shale.

Alternative 7

Alternative 7 consists of establishing a new tailings impoundnent at Site "A". New tailings an!
existing tailings would be transportei to Site "A" 

-by pipeline over the 1S-year Iife of the mill.

The impoundment area would be prepared by constructing a water retention type dam across the
north iace of the area. The impoundment area would be l'ined with clay obtained frorn Site "8".
The entire area would be fenced. Tailings would be transported to the site from the Atlas mill
by a 10.5 mile pipeline approximately foilowing U.S. Highway Route'160 in Moab Canyon. The

existing tailinis'v'ould bb'hydraulicitty mined-over a period of l5 years and would be added to
the taiiings pr6duced by the-mi11, for iransport to Site "A". Excess water at Site "A" would

be decanted and returnei to the mi11 by pipeiine. Blowing of tailings at both ponds unuld be

contro'lled by the use of chsnical crusting agents during operations.

Reclamation of the old taitings retention area would begin as soon as all old tailings have

been rsnoved. Contaminated s6il underlying the pond area would be excavated and trucked to
Site "A". The old tailings area rculd -be 

iontoured and revegetated with appropriate p1ant

spec i es.

Reclamation of the new tail ings area at Site "A" would begin when it has reached $lfficient
dryness (probably within tr^ro lears of m'i'l I slutdor,n). The tailings would be.shaped and con-
toured and then covered with i clay f iner, silty sand, and topsoil with a thickness similar to
those described for Alternative l. The area would be revegetated with appropriate plant
spec i e s.

The estimated cost of Alternative 7 .is $.|8.3 mi'lIion (l977 dollars) which includes an estimated
$2.7 million for dam construction and pond lining. Associated costs r.rould be the loss of
iite ,'A,, for other uses, and the energy consumption associated with the movement of the tailings
and cover materials. The possibiliti6f mjnor'releases of tailings r,nuld be higher than trucked
tailings due to the vulneribility of .|0.5 miles of pipeline and the slumy form of the tailings.

Benefits include a probable reduction in seepage since Site "A" vould be lined, whereas the old
tailings pond is uniined. 0ther benefits are lhe same as described for Alternative 5.

Alternative 8

Alternative 8 is sjmilar to Alternat'ive 7 except that Alternat'ive 8 involves movsnent of the
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tailings to Site "B" instead of Site "A" for peymanent storage. Reclamatjon would be sim.ilar
except that the tailings unuld be covered by local clay soi1.

The estimated cost of Alternative 8 is $2].7 million (.l917 dollars) which includes an estimated
$3.0 million for dam construction and pond lining. Associated costs and benefits are s.imilarto those described for Alternative 7.

Al ternative 9

Alternative 9 consists of continued operation of the o<isting tailings retention area in much
the same manner as in the past. Following mill sfutdown the tailingi unuld be moved to the
existing Rio Algom ta'ilings qrea for permanent storage. Blowing of-tailings during norma'l
operations uould be prevented by the use of sprinklers. The entire tailings area ioutd be
fenced

Transport and reclamation of the tajlings unuld begin as soon as the tailinqs had reached
srff icient {ryn9_ss (probably within !uo-years_fo1 lowing mill stutdor,m). f n6 tait ings and any
contaminated soil underly-ing the tai'l ings r,ould be transported to the Rio Algon sit6 by truci<.
The new.dispo_sal site unu1d be fenced. The new site unuld not be lined to pievent seepage
since the tail ing_s tvould not be saturated_and the 9ap vould prevent leachin! of the tailr:ngs byrainloter. The slimes portion of the tailings vould be hried deeply by the non-slimes poitioi.
The tailings rcu1d then be covered by four feet of ciayey alluvial mateiiat obtained trclir tfrevicinity. The area upuld be revegetated with appropriate plant species.

The estimated cost for transporting the tailings and contaminated soil and reclamation of the
tailings area is $72.0 million (1977 do1'lars). Associated costs unuld include the loss of the
new site for other uses since it will probably be restricted, the higher energy consumption
associated with transportation of the tailings, terporary noise, dust and congestion created
by the transportation and construction activities. There vould be little chaige in seepage
canpared with Alternative l.
Benefits rculd include a more renote location than the present site, and centralization of thetailings. 0ther benefits upuld be similar to those described in Alternative 5.

Alternative I 0

Alternative l0 is similar to Alternative 5 and A'lternative 6 orcept that tailings rcu1d bemoved
to Site "A" gr "B" by a conveJor systen and the rai'lroad. Tailings rculd be removed fnqn the
existing tailings area following mill sfutdown by use of an autqnatic scraper type reciaimer.
Material frqn the rec'laimer uould be deposited upon a conveyor which vould transport the
tailings to the Rio Grande Rai'lroad west of the site. The rai'lroad uould transpbrt the tailings
to either Site "A" or "8", for which a spur track urould be constructed. A conveyor systen uouid
be used to distrihlte_the tailings at the disposal site. Reclamation of the disposal site would
be as described for Alternative 5 and 6. No cmmitnent for use of the railroad iras been made
by the Rio Grande at this time.

The estimated cost for Alternative 10 is $3.|.9 million or $31.5 million for transport to either
Site "A" or Site "8", respectively. Because of the short haul involved, railroad transporta-
tion cost (exclusive of spr construction cost) is approximately the same for both sites. There-
fore, the abandorment and spr construction costs are the primary items which account for the
difference in the cost for the tulo sites,

Benefits unu'ld be the same as those described under A'lternative 5 and 6.

1 0.3 .3 Evaluation of A'l ternatives

Alternative I is the option proposed by the applicant for tailings management at the AtlasMill. With increased cover thicknesses as indicated by the staff calculations of paragraph
10.3.2 this option is acceptable. The canposition of cover materials proposed as well-as'the
thicknesses f inally used wi1 I be ubject to adjustnent based on the re$lts of the applicant's
ongoing monitoring programs and on the NRC confirmatory research programs deal ing with erosion
and radon diffusion through various materials. Alternative I as modified wil'l meet the objective
for radon flux reduction and s/rface ganma radiation reduction. The percolation of ground
uater through the tailings pile and $bsequent seepage fron the pile will be minimized by the
glay tiner which wi'lI act as a perching layer to divert precipitation off the tai'lings area.
The objective for minimal long term maintenance and monitoring will be met by recontouring and
vegetative stabilization of the pile.

Alternative 2 if modified to staff calculated cover thicknesses rould meet the tailings
management obiectives nearly as well as Alternative l. The gravel cover as proposed by the
applicant rrould tend to reduce evaporation and increase percolation of rain unter into the
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tailinqs pile with attendant'increased seepage from the^pi1e' Add'itionally' as was clearly

evident from the staff's aerial survey ot iii-u""i, a 20b acre mound of grey gravel rrould be

the most noticeable rinimitrt ior-25 mi'les'-in in area noted for its panoramic views'

Alternative 3 is roughly cornparable to Alternative I hrt vould.allow rain water to percolate

unimpeded througn tn. iiiilngi pite and is therefore unacceptab'le'

A'l ternat.ive 4 is unacceptable due to the l'im'ited life of the PVC-p1 astic l jner' the.risk of

cover erosion or slippage, the r.isk ot "oot"p.iitrition 
oi in" plistic and the uncertainties

associated with ground iater flows beneath the cover'

Alternatives 5 through 10 represent a group of tailings movenent alternatjves' and will be

addressed as a group.

The applicant proposed tun alternative sites for tail ings disposal located about 'll mk and 24 kn

frorn the present site. A itatf visit to tt'e"siil r^ai aiiectea'io location of any other possible

sites for tailings disposal. The qitg yitit-.ontiii"d of congt'ltation with personne'l of the

utah state Division of Oil, Gas and Mining,'tr," oenv.t regional Envirormental Protection

Aoency office, and discussions with the plit6...i-oi-itre-ieg.ional office of tureau of Land

Minagenent. A tailingi-Jispotal alternativ;-;;;i"; wai coniucted' with these agencies' of the

seo'losy and.toposrap;i".; i[-;;"i.--rt'" ii;ti-;;;id utilized maps' aelial photosraphs' well

loqs and other aval,u"bl" do.r*"ntation. i;l;-";; toitoweO by a cimprehensive aerial survey of

th! area within 25 miles of the existing mill site, and a ground sui^vey of the area near roads

or in sqne cases us'ing off rqad vehicles'

Durinqthestaffv.isit,the]andwassurveyedfordisposalsjteswithout
iii''.i:ir,lii,"rr;;;"';i'ii."li. The only criieria used were avaitabi'l'itv of

oii"ting environnental advantages over the present s'ite'

The two sites proposed by the applicant were found to
i5;ii; raaius'of 'the miit wtrich offer environmental
oresent site.

Most of the region is ccrnposed of a.we'll fractured red sandstone with pevmeabilitymuch hjgher

than the present ,it" .."!ii"i n unO S. I;-iil'iorth""iY direction, t'he valley is usab'le for

crops and is generalty-inhabited. In the';";;;";;i;ection, the topography is uniformlv

conposed of the 
""4 

,inirion"""lin;;dit i""i"i *i''"i ttrroushout" To the east' the Arches

National park is made up of the same red ti.iii".ii-"iih.leut-"uidence of massive ero:iion

toward the river. Du'ihg the site visit,lil;;-;il 'n'i'if 
1y severe ra'ins for several davs

with resutting flash fto6Oing throughout tfi".""i'l'-Wlii1; the-flooding at the present site bas

confined to Moab Wash, the area at Sites A anO-g'"ul flooded extensively' with t'he road to

Site A damaged ana tne road to Site B 
"utrli'uiuu"v 

ini putliure-oniy witn 6rt road vehicles'

Site A cons.i sts of a box canyon with a'l luvial soils simila'r to those under the o<i sting tai'l ings

p.i1e. While it otrerl-'isne iouuntug" uv t.ing;o"i aistant from Moab' the drainage area around

it is qreater than that above the present;;;i' ;il n19ifft1"1 from floodlng of the kind en-

;;r;i.ru';;i^i.g it'" tite-visit r,routa ue *5""-iiiritu'tt ttran at the present site'

Site B js actually a multitude of similar sjtes, a plain of c'lavev hills underlain by a

formation of Mancos Shale. While scrne reduction in'seepage vo'id-be rea'lized' the wide spread

flooding of this 1ow lying p1 ain ranuld t"il-io-p"".lJde'iis usE for long term above grade

storage of taif ings.

During the aerial survey,.it-became apparent that rai'l transport of the existing tailings to

Sites A or B might be a viable alternativ!',"ano-ihe-applicant'brovjded Alternative l0 which js

an estimate of rail i"intpo.t-tosts for taitings movsnent alternatives'

.|0.3.4 Alternatives Considered and Reiected

Due to the location of the present -site on the banks of the Colorado River' the-staff conducted

a detailed rev'ew of not only the atte"nuiiv"! p""p.s"a uv.ilre ippiicant, hlt of any alternative

evenly remotely teasiiie.-"iiui"-ro.r 1i;;;';;! oi ir'" uit""nui\u"t considered and reiected'

reqard for land
a-200 acre site

be the on1y sites avai'lable within a

ueneiiis equal to or better than the
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TABLE 'I O.I
Tail ings Managenent Alternatives Rejected

Segregate (chsnically) the toxic Technology not developed to imp.lenentconponents of the tailings and dispose atternaiiie.of these ma11 q.rantitiei as lo;_i&;i
waste. Treat "clean', tailings as over_
furden.

Al terna t iv e

Raise pH of slurry with lime; treatwlth barium chloride to precipitate
radium and thorium.

Prec'ipitate radioactive and toxic
elsnents to bottqn of the tai.lings
pond and consider top of tailinqi
as cover.

Install drains below pond to co.llect
and discharge to a local waterway.

Filter the tailings; cake the sands
and transport to a landfil l.

Return of the tailings to the
Atlas mines in the Br.9 Indian
D i str ict.

Disposal of the tailings in thecavities left. by solution mining ofsalt or potash in the vicinitv.-

Reason for Rejection

Majority of tail.ings are presently in
p I ace.

Excavation of a below qrade Ditfor tailings disposat it ttre'
present site.

Mixing tail ings with cement or
asphalt before disposal.

IO.4 ALTERNATIVE ENERGY SOURCES

.l0.4..l 
lg55ll and Nuclear Fuels

Technology not developed (vrould reouirea sel ectivety penneabi e botton I i;d; j. -

Technology not available to al.low seep_
age water treatnent sufficient to atti.inmter that i s env ironmental 1y and t egit t yacceptable for release.

Filters of slffic.ient size and efficiencvare not cqnnerciall v available. Majorit!of ta i l ing s are ai reaoy .tn p tace.

Staff visit clearly showed massive
caving of the stopes of the abandoned
mrnes, the disposal volume remaininq'rs onty a few percent of the space
needed.

Cav ities formed_ by,solution mining
crose due to salt flow, and there-is no method to controi tailinqs
mov€rnent once €rnplaced in an ait.ive
sotution mining reg ion. precludes futurerecovery of mineral values.

Insufficient area available on thes_ite. Natural water table lies veryclose to the surface.

Most tail ings are already in piace.
Large amounts of csnent and asphaltrequired, and future recovery 6f mineral
values precluded.

The use of uranium to fuel reactors for generating electric power is.relatively new historically.coal was the first fuel used in quantity'for_el".i.i.ui-poi.i"g"n..ation. coa.l use was re-duced because of the ready avairaoiritv'ana ro"-pri.u-or'Jii'uno naturai 9as, wh.ich are creaner_turning than coal and easier to uie. -Urinium tuit is.u.n irianer (chenically) than oil orgas' and at present is less expensive, on.a thermal uaiis, ih;; ;il';ffi;";;;i( ,illo t"9::tllL:. t]::lll:.por:.f: The folloying d_iscussion .oni""nt-ti.. retative availabit.ity or fuets
l;: nffi:"r;i"i;:i"l"i:",llo".no, r0 to r5 years, sinie avaiiabliat "iri ud i["'rey ractor in

Table l0'2 shows the disparity between availabiljtv glg_usage of energy resources in the u.s.Aithough these data are^ior'rb74 (fin;r iigures-toi r975 ar6-not yet availabre), estimates for1975 in{icate ritile difference. _eut-rsag6 in rsis aecreislo"rtigf,tty (.t%); oir, coal, andnuclear usage increased s1 ighily.7
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Table 
.l0.2. 

Reserves and Current Consumption of Energy Sourcess

Percent of Proven U. S. Energy
Reserves Economical ly Recover-
able with Existing Technology

(1e74)

Percent of Total U. S. Energy
Consumption Contributed bY

Each Energy Resource (.l974)

Coal

0il
ud5

Nucl ear

0ther

90

3

+

3

0

In 1975, the U. S. consumed about 7l q of energy (l q = l01s Btu); of this total,20 q cons'isted
of efectric energy. An estimated 8.6% of this electric energy was generated using nuciear
fue1s, but within ten years the precentage is expected to increase lo 26%.

Coal was used for producing 59% of the electric energy generated by combustion of fossil fuel in
1975; the percentages for oil and gas were 20 and 2.|, respectively. Use of oil and gas to gen-_

erate e'lectric power has decreased about ten percent over the last three years, a reflection of
high oi1 prices and gas unavailability.s

Current and projected requirements for electric energy (1975-.l985) and^relative changes in 
-

resources usbd ior generation, as estimated in "Project Independence,"6 are shown in Table 
.l0.3.

All information available to date indicates that coal and uranium must be used to generate an

increasing share of future U. S. energy needs, because of decreasing suppiies of oi1 and gas

available-for electric power generation. The U. S. does not have sufficient oil and gas reserves
to ensure a long-run supply, but coal and uranium resources are adequate for foreseeable needs.
Currently rising prices for oil and gas are a reflection of increasing competition for these two
resources which will be severely depleted in the next few decades.

Expanding industrial capacity for increasing coal production to meet proiected requirements must

occur in-the next decade (total requirement is 1040 million tons in l9B5 vs. 603 million tons in
1974). The major expansion of coal production will likely be in the West (from 92 million tons
in .|974 to 380 million tons in l9B5) because of the low sulfur (1ow air pollutant) content of
most western coals. The potential for environmental damage (due to disturbance of generaily
fragile ecosystems) in the western U. S. will be increased. Since the maior markets for the
coai produced are located hundreds of mi'les from the mines, transportation costs will be high'

Table .l0.3. 
Estimated Re1ative Changes in Resources to be Used for

Generation of Proiected Energy Requirementsb

Percent of Thermal Energy Required in Year:

I 97oa rc7 4b I gBoD I 985c

IB

46

30

I

4

Fuel Resource Used

Coa l

0i1 and gas

Nucl ear

Hydro, waste, etc.

45

3B

t5

AE.

25

tt

IJ

,.c40

t6
LO

12

45

34
Ao

17

Total q's of energy
requ'ired

I 5.6 25.5

aActual 
.

bEstimated (Ref. 5).
ccoal usage must increase 77% by .l985 

to
duranium fueled reactors furnished 9.9%
January 1 976.

attain this level.
of the total U. S. Production in
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as will the environmental impacts associated with transportation systems. Transportation costs
for bringing western coal to the eastern U. S. currently accounts for the major portion of the
market price.

For a given thermal content, transport facilities for U30s are minimal compared to those for
coal because of the much higher energy content of uranium fuel. Approximately 250 tons of
U30s per year are required for a .|000-MW nuclear plant operating at a plant factor of 80%.
Annual western coal requirements for an equivalent .l000-MW coal plant wou]d be more than three
million tons, or the load capacity of at least one unit-train (.|00 cars of 100 tons each) per
day of plant operation.

The evidence available at this time indicates that, of the resources currently used in electric
power generating stations (coal, uranium, oi1, gas, and hydro), only coal and uranium have the
potential for increasing long-range reliability in domestic energy production. Because of the
time 1ag between initial extraction and the consumption of the resource for energy production
(3-5 years from mine to generation plant for uranium and coal; 5-7 years for coniiruction of a
coal generating plant and 7-.l0 years for construction of a nuc'lear generating plant), the
exploitation of both coal and uranium resources must be integrated with contemporary energy
needs. Neither the coal nor uranium producipg industries are considered capable of singly
supporting the energy requirements projected over the next few decades; major expansion of both
industries wjll be required to fill projected needs.

The determination of availability of uranium in large enough guantities to fuel the projected
nuclear generating capacity (for 1985) is currently a matter of study.T Results of those
studies are given below.

Estimates presented in the "National Energy 0utlook"s indicate that 140,000 to .|50,000 
MWe of

nuc'lear generating capacity will be needed to supply 26% of the total electrical energy used in.|985. 
The first "Project Independence"6 report indicated that nuclear capacity could-increase

to more than 200,000 MWe by 1985. A more recent and lower estimate resulted from lower projec-
tions of electricity demand, financial problems experienced by utilities, uncertainty about
government policy, and continued siting and licensing problems. The more recent projections of
uranium requirements are given in Table .l0.4.

Table 
.|0.4. 

Uranium Requirementss

Lifetime U306 Requirements, tons

Mtlle 0perating by .|985 at P.F. of 0.84 at P.F. of 0.6

I 42,000 960,000 704,000
aP.F. = Plant factor, or capacity factor.

Known reserves of uranium (as U30s), as of January
compared to 600,000 tons estimated in January 1975.
at a cost of $30/lb of U30s produced. The price of
ery in 1976, and $48/lb for de'livery in 1980.

.|976, 
were an estimated 640,000 tons, as8 These reserves could be mined and milled

U30s in April of I976 was $40/lb for deliv-

ERDA has estimated total U. S. uranium resources as shown in Table l0.5.8 The total of all
variously known categories of uranium resources is equivalent to 3,560,000 tons of U30s.
Reserves are in known deposits; drilling and sampling have established the existence of these

Table 10.5. U. S. Uranium Resources8

Tons U30s

Cost,
$/tb u308

Resources

Reserves Probable Possible Speculative

$30 640,000 I ,060,000 I,270,000 590,000
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deposits beyond reasonable doubt. Probable resources have not been dri'lled and sampled as

extensively u. r.r"ru.i. The speculative and possible resource categories have been estimated

by inferenle from geologic evidence and limited sampl ing'

Histor.ical'ly, resources of uncertain potential have become established reserves at an average

rate of seven percent-pe. Veai since i955-6 If this rate were to persist over.the next decade'

total reserves would.ii."i-i.qrirements (.l,250,000 tons of-reserves vs. a maximum 960'000 tons

,^.qri..J-io.-iii"ii*.-nui'lear 5iene.ating iaiaciiy. rated. at.l42'000 Mlle) by about 300'000 tons'

Assuming no transfer of possible resourcet-i.io ihe probable citegory, probable resources would

stil I contain 450,000 tons.

10.4.2 Solar, Geothermal' and Synthetic Fuels

Estimates reported in the "National Energy 0utlook"5 indicate that solar and geothermal sources

w.ill each supply about one percent of U. S. 
"neigy 

requirements by 
,|98! 

and about two percent by

'19g0. Supplies of synthetic gas and oil derived"irom'coal will probably not exceed one percent

of U. S. energy r"quir"rn.nti ii ot year tS9O. fhese projections are based on many considera-

iionr. the t6lhnol'og,-;*iiit in all cases, but not in a proven, commerc'ial1y. viable manner'

The potential for proving these technologies-on u-.o*t".cial scile is great, but timely deve'lop-

ment will require a favoiable market as well as governmental i,ncentjves. A maximum of six per-

cent of projected 1990 energy requirementi is-exiecteO to be derived from solar' geothermal' and

synthetic fuel resources combined.

I0.4.3 Byproduct Uranium

Uranium reserves recoverable as a byproduct of phosphate-fertilizer and ggPPer production are

expected to increase itot-gO,OOO toiri (UrOr) in l974 to .|40,000 tons in .l976' These reserves

are in add.ition to the o+o,ooo tont uuiiiu6i. from conventional mining and milling sources.

Quoting from Reference 7 (P. .106):

,'Like al1 byproducts commodities, byproduct uranium is entirely dependent upon pro-

duction of the p"i*i.v Co*rodity, ii"timitea in amount by the level of production

of the primary iorroOity, and ii-unresponsive to the demand for uramium' Byproduct

uranium could be obtained from the mining of phosphate, copper and lign'ite.

,,Much phosphate.is treated with sulfuric acid to produce fertilizer and goes through

a phosilhoric acid step. Uranium in the phosphate can be-recovered from the phos-

phoric ac.id. ... it'has been estimated'thai about 2,500 ST U30s per year could be

recovered t"or iio.iJu phosphate mined for fertilizer. The Buieiu of Mines studied

the sulfur.ic u.iO-i"i.hing bt tow grade dumps at 14 porphyry_copper mi.nes and con-

cluded that aboui 750 ST il30s p.t iear coulb be recovered. fnis would be recovered

from rocks whose uranium content ranges from l to 12 ppm'

It was also thought that other posphyry copper deposits might also be possible

sources of bYProduct uranium.

,,Th.is possibie byproduct uranium totals 3,250 ST-U30s.per year which i: gnfl s'lightly
less than the i;iii;i innuat production pianned foi ihe Rossing deposit in South

West Africa.

',Another source of byproduct uranium could be mine-mouth electrical generating plants

that burn rrunir*-u.ii"ing lignite ui ir.r. The uranium is concentrated in the ash'

Some t'ignite.onluini as"muci as 0.30 qglcg!! lggt:,Bieniewski estimates that about

l50O ST of U30s is contained in aUoui 6OO'OOO Si 6t-frigt' grade i.ignite', More recently
reserves in firjniie-were tsii*ated io be iess than 5,000 ST of U30s and resources to

be about 50,00d Si. Low-Btu lignites seem to be richest in uranium. Good-quality-
coals usualtv iontiin-iess than"6.goi p".C"nt UeOa... If liqnite is burned at too high

a temperature the uranium enters the ash in a fdrfr that is-not easily leachable and

for wh.ich an economic recovery system has not yet been developed."

10.4.4 Energy Conservation

The NRC staff has examined avai'lable information concerning the potential reduction in energy

,iig" tLut could be ichieved by 1985.and concludes that incrementa'l savings in totaL energy con-

sumption could be actieveO in ill major consumption sectors:. residential, commercial, industrial
and transportation.- Ritions which iiprov" it'"'tt'""rui efficiency of automobi'les, homes, and

office buildings would have the greatest'ionletuing effect. .Howlver, in the case of electrical
energy, demand it ""p!.lia-to 

inE.eii" (auring the next decade) at a rate about twice as great

I
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as that for total energy.s _It will be more difficult to conserve electrical energy since itwill probably be a viable alternative for-oil and gas use in residentiii h"ating ind for sorneindustrial applications. Conservation will not maierially change the need for increased depen-dence on coal and uranium as fuels for qeneratjnq electrii powei during the next Jecaoe.

IO.5 ALTERNATIVE OF NO RELICENSING ACTION ON EXISTING MILL
.l0.5..l 

Economic Impact

Among the alternative actions available to the NRC is the denial of a source material license tothe applicant' Classifications of source materials are discussed .in l0 CFR part 40; theseclassifications, based on Section 62 of the.Atomic Energy Aci of tss+, speCiti.ufiv exempr"unbeneficiated ore" from control. Under.these regulati6ns Ailas Nifis louia'noi'irocess tneore' should the NRC deny the source material licenie. Exercise.by the NRC of this'option wouldthus leave the applicant with two possible courses of action' (aj lerpo.u"irv"a".ommission themill while attempting to remove the objections that led to ihe denial oi tne license; o; (bi;b;n-
don the project. Alternative (a) is essential'lv_tne applicant's propoiat 

-ir.r"iv"tfifted 
.in

time), which is the subject of this statement (itilrough'struiJown, maintenance, and startup costswould increase economic impacts). Alternative'(b), t[erefore, ii tne onfv iiie"nitive d.iscussedhere.

If the applicant were. not granted a source material f.icense, the uranium concentrate it intendsto produce would not become available for use as fuel in nuclear reactors.in as timely a manner.Appendix B discusses the need and timeliness of the project and the Uasis tor-ihe'fiic evatuat.ion.

The U30s produced by the Atlas mill will be used as fuel in nuclear reactors which are eitheroperating or under construction (in 1976). These reactors will produce 
"i.itri.-porer for saleto U. S. consumers. Lack of fuel would require those reactors sirort of fuet to-rlouce theiroutput, and could conceivably result in some reactor shutdowns.

*Prepared for the staff by Rho Associates, Incorporated, of Salt Lake City, Utah, as caljbratedfor the Utah Office of the state planning coordinator, November 1976.

.l0.5.2 
Social Impact

Because the Atlas mill is a key elernent in the economic structure of the commun.ity (Sec. 4.g.5),the non-reiicensing of the mi'll wouid have repercussions on the economy and social it.r.tr."-oi'the area.

Ts determine these impacts,. a computer program, the Utah Process Economic and Demograph.ic Impact(UPED) Model ,* was employed to look at ihree scenarios: oaset'tie-(i.;. ;-.;;ui-gi;wtn projec-tions, including mi11 operation); miLL onLy (i.e., closure of the riltt wlttr no,iio" impaci torel.ated-industries); ni.Ll plus (i.e., shutiown of the mill with concomiiant i;p;;i; on relatedindustries such as trucking.and_mining). The model examines impacts to the yeir .|990 in f.ive-year intervals. The.model is slightly disadvantageous in that it anatyzei-rilionai impacts iothe southwestern Multi-County District (Grand, san Juan, Emery, and Caibon Cointies) .iir,", ita,isolating distinct impacts to Moab and Grand county, oui tnis-ipproach aoes pitseni a realist.icdescription of any impacts, due to the interrelatedness of induitry and the irumuei or in-mjsraiinsworkers to Grand County.

Table l0.6 summarizes the economic and demographic impacts under the three scenarios. Eventhough the scenario projecting the closing of the mili (i.e., mill only) r'vpoit.iii., tn"unemployment of only the 16l mill workers, the impacts to ttre communit!'tra"ub Oeen projeCied to
!9 far greater, because of the ripple effect.into other employnent te.iori (riui" Io.ii. -ev--
1980, 273 iobs would be lost in the area. Without some inlervention, in the iorm of g6vern"-
mental assistance or new job opportunities, the number of lost jobs would continue to growslightly over the next ten years.

Those projections in the miLL onLy scenario can be considered the minimum project.ions. It is
more probable that non-relicensing of the mill.wili directly affect the m.il.lin; ind-transporta-tion of uranium and related service areas. While some of t-hese enterprises miy liansfer theirassociation to the Rio Algom mill (25 air m'iles SE), it can be expected that some will not beable to make this change. Therefore, the second scenario of niLL pLus can be considered to bethe maximum impact caused by the closing of the Ailas mill.
The impact to the area under the.miLL plus scenario results in the loss of 2g4 jobs in the*i!!nS and milling operations, with another 194 positions being terminated UV fgg0. As in thenn'LL pLus scenario, the area is projected as being unable to aijust to this iegiee of unempfoy-ment, resulting in a projected mass out-migration from the area. t.lith an estiilated populatio'n



Table 10.6. Projections of Economic and Demographic Impacts of Non-Relicensinga

I 980 I 990I 985

Scenari o
Total

Popul ati on
Total

Employment
Total

Househol ds
Total

Popul ati on
Total

Empl oyment
Total

Househol ds
Total

Popul ati on
Total Total

Employnent Households

Basel i ne
Projecti on

Itli I I 0nly
Impact

Mill Plus
Impact

48,945

48,326
-621

47,859
-l,087

19,947

I 9 ,675
-273

1 9,470
-478

15,124

14,952
- 173

14,922
-303

55 ,561

54,845
-716

54,307
-1,254

22,849

22,590
-304

22,361
-533

17 ,751

I 7,536
-215

17 ,37 4
-377

58,?27

57 ,475
-7sl

56 ,91 1

-1,316

?4,146

23,827
-3't9

23,587
-559

'| 
9 ,058

18,828
-231

1 8,655
-404

asou"ce, Rho Associates, Inc., using UPED Model.

I

a



Table .|0.7. 
Basic Employnent Assumpt'ion Surrnary for the Soulheastern

l,4u1ti-County District FoI lowing Non-Rel icensinga'D

Broad Industrial
Sector

Baseline Projection Mil| 0nlv Impactc MilI Plus Impactc
1980 1985 1990 1980 1985 1990 1980 |985 1990

Agriculture, For€strf, ,
d Flshefles 583 552 610 -t -1 -t -2 _Z -2

finlng 4392 5098 5294 -t6Z -1GZ -162 -?84 -2Ei _2A4

Crntmct Constructio[ 1955 1845 lG90 -5 -8 -9 _9 -]3 -16
lhnufacturing 850 91A lom -3 -3 -3 -5 _E _E

fransDortation. Con-
runicrtlon, rnd
Utllltles 1450 1583 t750 -6 -8 -8 - -13 _14

Ihol€sale and Retrll
Trade 3492 4139 4432 -30 -39 -42 -53 -69 _14

Flnance, Insuranc€,
and Reil Estate 422 543 535 -5 -7 _8 _8 -.t2 _14 ?

Servlces 2Ui 3157 3815 -25 -33 -37 -44 -58 -ss i
Governqnt 3855 4489 49t2 -35 -43 -48 :@ _75 -85

Total 19,947 22,A95 24,141 _272 -304 _318 _47a _532 _561

isor"c"r Rho Associates, Inc. using UPED Model.
bProjections include m'igration from the area.
c"Impact" denotes the difference between projected activity levels in the named projection and the Baseline projection.
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of between 5500 and 7000 over the next two decades (Sec. 2.4.2), a decrease in population of
between 600 to .|300 

would severely impact Grand County.

The earliest out-migrants are proiected to be primarily between the ages -of 2l.to-40 and under

age 14. These reprls.ni-vorng, mirried persons with children, who are often the first to be

iii..t"a uy a wori< favoir"ina"*no must oiten relocate to find work. In this case' an immediate

irpiii-*orio ue tett i,v Le iorruniivts school system. Because of the many educational facili-
t.ies ava.ilabte in uoa6'(;;; a;;.-r.4.q.r1, loss of th.se children would be felt at the local
level as well as state ievef (iaUfe l0.Si: Also, the social make-up of the community would be

altered because the area would be primarily composed of people over the age of 40'

Table 
.|0.8. Impact to School-Age Population and

Teaching' Staff Under Two Scenarios

Mi'l I 0nl.y Impact Mi l I Pl us ImPact

l 9B0 l 9B5
't990 I 980

'1985 I 990

Primary

Secondary-Jr.
High School

Secondary-Sr.
High School

Higher Education
Undergraduate

Higher Education
Graduate

Total

State School

Loca'l School

-77

-42

-26

-86

-26

-35

-tt3

-L6

-40

-4J

-80

-304

0

-14

-1 50

-45

-62

-t3t

- l35

-t5

-46

-73

-?93

-620

-1 98

-50

-71

-75

-l 40

-534

- l7l

-393

-t
-tt

-42

-167

- 354

1

-12

-299

-688

-2

-tu
-t

-21

-t
-t5

The applicant has indicated the effects of the loss of local and,regional economjc benefits that
,uortO'b..u" if the Atlai mi1l were not relicensed. The NRC staff has examined the applicant's
tabulations of benefits and costs and made an independent assessment of benefits and costs of
i[.-piopol.o project (;.;4.;:iii, ina nas concludbd that tne overall benefit-cost ba]ance is
favorabie for continuation of the Atlas operations.
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II. NRC BENEFIT-COST SUMMARY FOR THE ATLAS MILL

I I .'I GENERAL

The general need for uranium m'ills is subsumed in the operation of nuclear power reactors. In
reacior licensing evaluations the benefits of the energy produced are weighed-against related
environmental coits, including a pro-rated share of the environmental costs of the uranium fuel
cyc1e. These incremental impicts in the fuel cycle are iustified in terms of the benefits of
ei'ergy generation. However, it is appropriate io review the specific sjte-related benefits and

costi- for an individual fuel-cycle facility such as the Atlas mi ll.

11.2 QUANTIFIABLE ECONOMIC IMPACTS

Many monetary benefits accrue to the community from the presence of the mill, such as local
exp"enditures-of operating funds and the state and local taxes paid by the mill. Against these
monetary benefits are moietary costs to the conrnunit'ies involved, such as for new or expanded

schools and other community sLrvices. It is not possible to arrive at an exact numerical bal-
ance between these benefiti and costs for any one community unit, or for the mill, because of
the ability of the community and possibly thi mill to alter the benefits and costs. For example,
the community can use various taxing powers to redress any perceived imbalance in favor of the
mill. The mill, on the other hand,-pi^obably cannot create larger revenues through_increased
product price to redress any imbalance'it suffers through direct or indirect taxation.

II.3 THE BENEFIT-COST SUMMRY

The benefit-cost summary for a fuel cycle facility such as the At'las mill involves companing the
societal benefit of an issured U30s sLpply (ultimately providing energy).against local environ-
mental costs for which there is no"airbctiy related compensation. For the Atlas mill these
uncompensated environmental costs are basitally two:_ radio'logical impact and disturbance of the
land.' The radiological impact of the Atlas mill is low (Sec. 4.7). The disturbance of the land
is also a smalI eniironmental impact (Secs. 4.2, 4.5,4.6, and B)' The mill.and_tailings,ponds
presently cover approximately 20b acres. Virtually all of the disturbed land will be reclaimed
ifter tfr! mill is decommissi-oned and, with the posiible exception of the tailings burial area'
will become available for other uses.

II.4 STAFF ASSESSMENT

The staff concludes that the adverse environmental impacts and costs are such that the use of
the miti'gative measures suggested by the applicant and the regulatory agencjes involved would

reduce the short- and longl[spm advlrse imiicts associated with the proiect to acceptable levels.

In consideling the energy value of the U30s produced, minimal radiological impacts, minimal
long-term disiurbance oi land, and mitigible nature of the societal impacts,. the staff has

concluded that the overall benefit-cost ba'lance for the Atlas mill is favorable, and the indicated
action is that of relicensing of the Atlas mill.

I I -l
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APPENDIX B. BASIS FOR NRC EVALUATION OF THE ATLAS MILL PROPOSAL

THE NUCLEAR FUEL CYCLE

The nuclear "fuel cycle" comprises all the processes involved in the utilization of uranium as
source of energy for the generation of electrical power.

The nuclear fuel cycle consists of several steps:

l. Extraction - removing the ore (uranium) from the ground, separating uranium from the
ffi;-fia converting the uranium to a chemically-stable oxide (noiina11y U30s).

2. Conversion - changing the U30s to a f'luoride (UF6), which is a solid at room tempera-
TuE-ffi-6-ecomes a gas at siigntty elevated temp6ratures, prior to enrichment.

3. Enrichment - concentrating the fissionable isotope (U-235) of uranium from the natu-
ralll occurring 0.7% to 2-4% for use in reactors foi powei generation.

Fabrication - converting the enriched uranium fluoride to uranium dioxide (UOr), form-
lnS-lT-ln6'pe11ets, and encasing the pellets in tubes (rods) that are assembied into
fuel bundles for use in power generating reactors.

5. Nuclear Power Generation - usinq the heat resultinq from the fissioninq of uranium and
@ steam ior the turbines. -

6. Spent Fue] Reprocessing - chemical separation of fissionable and fertile values (U-235,
ffiproducts(waste),withconcurrentseparationofuraniumirom
pl utoni um.

7. Waste Management - storage of fission products and low-level wastes resulting from re-
processing in a manner that is safe and of no threat to human health or the environment.

This cycle is portrayed in Figure 8.1.

Nuclear reactor operation converts about 75% of the fissionable isotope (U-ZSS) into fission
products, thereby liberating thermal energy and creating plutonium, another fissionable element,
'in the process. The remaining quantities of fissionable uranium (U-235) (about the same concen-
tration as exists in natural uranium) and the plutonium are recoverable for reuse in the cyc1e.

The spent fuel removed from the reactor is stored at the reactor site and later at the repro-
cessing plant to "cool" the spent fue1. The radioactivity of the fuel is reduced by a factor of
about 10 after 150 days storage.

The reprocessing of spent fuel would produce fissionable material that could be used in combina-
tion with new (virgin) material obtained by mining and milling. In the absence of reprocessing,
a'll replacement fuel must come from the mining and milling of ore from projects such as Atlas.

USE OF NUCLEAR FUEL IN REACTORS

Two types of reactors are currently used to generate essentially all of the nuclear energy sold
in the U.S.: the boiling-water reactor (BWR) and the pressurized-water reactor (PWR). Each
reactor type is operated with a fuel management scheme designed to meet the requirements of the
utility operator. Different fuel management schemes result in different fuel burnup rates which,
along with other design parameters, affect the quantity of residual fissionable materials and the
type and amount of radioactive wastes in the spent fue'|. These differences, in turn, require
specific treatment processes at the reprocessing plant; thus, for maximum overall efficiency, the
spent fuel is stored at reactor or neprocessing sites (or both) until a "campaign," using a
process related to the individual spent fuels, can be undertaken.

4.

B-l
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No commercial reprocessing of spent fuel -from.power 
reactors.has been carried out since late

1971, and only 244 metric tons of spent fuei (iUout two reactor core loadings' or six annual

reloads) were process.a f"ir."n lgOb and tgZl. Since the number of operating reac-tors has

increased tenfold in the last decade anO il'"^p.iitA-to double bv 1980, the need for mining ano

milling capacity wilt continue to increasel 
-ii-r.p"oi.riing ruiilitiei were available to handle

;h;'t;;.i-f;ei is it ii-geneiatea, the rate of increase would be more moderate'

The general need for uranium as a fuel for generating electrical Power ]n t19 U:-!:,ou"t th'
next decade has been addressed in Sect.ion r]s,-iier 5, of this statement. The specific need for

the Atl as mi I I i s outl i ned bel ow.

Current mill capacity jn the U. S. js 26,700 tons of ore per day' These mills operated at 85%

of capacity 'in .1975. 
Uraniurn oxide output-tui-upp.o*imatbly l'l,500 pounds' equjvalent to

sl.ightly less than 3 lb U308 per ton of orel--fnb'Atlas orei have an'average U306 content close

to the national average.

Forecasting U306 reQuirements over the next decade depends entirely on estimates^of the rate at

which new nuctear generating capacity it intiiii"O. Estimating Utrg requirements for the next

five years is somewnai.iti." Ubcause th.;;';;;;;;rs wnicrr wili n6ei fuel in that time period

are either operating now (.1976) or are ".it 
uiong in construction and will operate prior to

l9Bl. Table B.l shows the cumulatiu. nr.i"ui ciiacitV forecasted for Project Independence by

the FEA.l (The stati-considers this toteiist'-oi-it'""basis of licensing time required' to be

reasonabte, thoush ,;r;ili;;iiriiiiilti--ii'u-uigororsly conservative-position js taken that

no installatjon of nuclear capacity will occur-ait.i fSgS, the minimum need for fuel' and hence

for U30s, can be computed from the Oatu in-iiUte 8.1, on ihe basis of various assumptjons'

Fuel usage in nuclear reactors depends-on the power.generated, which'is conventionally expressed

as a decimat or percent, and called "plant ii.[oi; tFFj oi icipac'ity factor" (CF)'- The staff
has chosen 0.6 as a minimum plant factor ina-o.g as'a maximum lo give a range of requirements

for U30s over the next decade.*

Figure 8.2 shows proiected fuel requirements, assuming a minimum user rate; Figure B'3 Shows

maximum requirementsl At tinimum usage' lrii.nt milling capacity could be exceeded in .|980;

max.imum usage would advance the negative-itt.i.... to tdZg.' Thui, shutting down the mill would

advance the-negative imbalance to early 1979'

*A 1000-MWe reactor will require "" 22 ltrF of uranium

,tuniut fuel for PF 0.8' For a 3% enriched fuel '
io-loni oi-u30, as follows: (MT of fuel) (7'9) =

Table B.'l. "National Energy Outlook"
Forecast of Nuclear CapacitY

Yea r Gi gawa tts

I 976

1977
't978

1979

I 980

I 98t

1982

I 983

I 984

I 985

19. c

4?.2

aJ. a

60.0

68. 6

88. 5

'il2.5

126.8

142.0

fuel per year at a PF of 0'6 and ru 30 MT

and 0.25 tiils assay, MT of fue'l converts
tons U303.
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t975 PROOUCT|ONT

t97s 1980 1985 1990 1995 2om 2oO5 2olo 2ot5

YEAR

Fig. B.2. Minimum Annual U30sRequirements.
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Fig. 8.3. ilaximum Annua'l U306Requirements.
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APPENDIX C. DETAILED RADIOLOGICAL ASSESSMENT

when evaluated in conjunction with sectjons 3.2.6 and 4.7, the data presented in Appendix c per-

mit detailed analysis of the radiological itpiii oi the Ailas-proiect and qirTjt comp,letg review

and verificat.ion by qriiiiiea rioioi6gicaf-slientists. Calculitions of radiation doses have

been made for radi-ondclides and receptors around the site'

Page
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Table c-'l.l Principal Parameters and conditions used in Radiological
Assessment of the At'las l"linerais-Fiocess'ing Facilities C-?

Table c-'l .2 Average Annual Emissions at the Atlas l'linerals l|illing 
c_3

ODerati on, 1977 -1997

C-I GENEML CHARACTERISTICS

C-? EFFECTIVE DISPERSION FACTORS FOR U-238

C.3 RADIONUCLIDE DEPOSITION, BASED ON UDAD CODE

Computed Concentration of Rn-222 in Air
Comiluted Concentration of U-238 in Air
Comiuted Concentration of Th-230 in Air
Combuted Concentration of Ra-226 in Air
Combuted Concentration of Pb-210 in Air
Corbutea Concentration of U-238 Deposited on the Ground

CorbuteA Concentration of Th-230 Deposited on the Ground

a;r;ri;a Concentration of Ra-226 Deposited on the Ground

6rp;Gd Con.ent"ution of Pb-210 Deposited on the Ground

c-4

c-5

Fig. C-3.1
Fig. C-3.2
Fig. C-3.3
Fig. C-3.4
Fig. C-3.5
Fig. C-3.6
Fig. C-3.7
Fig. C-3.8
Fig. C-3.9

c-5
c-6
c-6
c-7
c-7
c-8
c-8
c-9
c-9

c-I 0

c-l I
c-12

C-4 DOSE COMMITMENTS FROM INHALATION FOR SELECTED RADIONUCLIDES AND RECEPTORS

C-5 FOOD PATHIIAY - MEAT

Table C-5.1 Stable E'lement Transfer Data
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APPENDIX C-I. GENERAL CHARACTERISTICS

Table c-]..l. Principai parameters and conditions Used in Radiglogical
Assessment of the Ailas l'linerals processing Facilitiesa

Parameter
Processing Circuit

Al kal i ne-Leach Aci d-Leach

Ore quality, U30s

Ore activity, Ra-226

Ore activity, Th-230

Plant factorb
Ore process rate
Extraction efficiency
Ye1 1 owcake yi ei d

Yei lowcake qual ity, U30s

Total tailings area

Tailings pond area

Tailings density
Radon release rate from tailings
Fractjon U to tailings
Fraction Th to taiiings
Fraction Ra to tailings
Mill water throughput

Ore pad area

0.2%

560

560

I

1.9 x |0s

0.25%

700 pCi/s

700 pCi/g

I

2.0 " |05 MTlyr

94%

835 MT/yr

90%

4./ x lQs 62

2.2 x lQs nP

1.6 9/cm3

650 pCi/m2 sec

0.06

0.95

0.998

9.6 ' ]04 m3/yr
4.0 x |Qa 1n2

aThe anticipated future
through 1997.

DThe plant operates 365

ore throughput will be equal

days,/yr.

to the present ore input

c-2
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Table C-].2. Average Annual Emissions (curies) pt the Atlas Minerals
lli tt ing operation, 1977 -19974'o

Nucl i de

U-238 Th-230 Ra'226 Pb-210 Rn-222

Orepad,feeder,crusher, 9rl0-3 9rl0-3 9x'l 0-3 9x'l 0-3 5.5t101
grinder, and ore binc .

Yellowcakedryer lxl0-l 3xl0-3 lxl0-3 lx'10-3
Tailingsc'd 2'10-a 4'10-3 4xl0-3 4xI0-3 5'.|03
dFor releases after stabilization and reclamation, see section l0'
blt i, assumed that the activity in the ore is in secular equilibrium for long-lived radio-
nucl i des .

cParticulate suspension is dependent on the sand-slime ratio and specific wind fi.eld over the
tailings. Estiination of the source term from this pathway is based on an assumed particulate
suspension ratio, n.' =

l- ((oci/mz-sec) in air from the surface suspension) Ini= 1 1

ni = lo-t (in g (m2 ' sec)-l)
dRudon is assumed to be released only from the dry beach areas (2.4 " lOs m2); the value given
is for the 20th year of operation.



APPENDIX C-2. EFFECTIVE DISPERSION FACTORS FOR U-238

Table C-2..l. Effective Dispersion Factors for U-238, sec/m3a

Di stance,
km

0.25

0.50
'1.00

2.00

3.00

5 .00

t 0.00

0. I 2E-03

0.42E-04

0.'l0E-04

0.34E-05

0. 1 8E-05

0.85E-06

0.33E-06

0. 56E-04

0. | 5E-04

0. 46E-05

0. I 5E-05

0 .82E-06

0.39E-06

0. t 5E-06

0.53E-04

0. l4E-04

0.44E-05

0. I 5E-05

0. 79E-06

0. 38E-06

0. I 4E-06

0. 'l 7E-04

0. 50E-05

0. | 5E-05

0.46E-06

0. 25E-06

0. I 2E-06

0.45E-07

0. I 9E-04

0. 58E-05

0. l6E-05

0.54E-06

0.29E-06

0. I 4E-06

0.52E-07

0.35E-05

0.92E-06

0.29E-06

0.94E-07

0. 5t E-07

0.24E-07

0. 90E-08

0. 43E-04

0.1 4E-04

0.35E-05

0. 1 2E-05

0. 62E-06

0. 30E-06

0. | 2E-06

0.7 4E-04

0.23E-04

0.608-05

0.20E-05

0. I I E-05

0. 5l E-06

0. 20E-06

aDistances and directions are from the Atlas Mill radioactive effluent source.
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APPENDIX C-3. RADIONUCLIDE DEPOSITION, BASED ON UDAD CODE
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APPENDIX C-4. DOSE COI.,II.,IITMENTS FROM INHALATION, FOR SELECTED
MDIONUCLIDES AND RECEPTORS

Table C-4..|. Dose Cormitments, mrem/yr

Receptor U-238 and U-234

Tex's Tour Center
(0.8 km E)

|rJhole body

Bone

Lung

0.04

0. 84

66.24

0.48

17 .36

5 .88

0.88

8.76

1.2

0.04 1.44
'I .28 23.24

0.28 73.6
Pennanent residents at Arches National park
(2.4 km N|.l)

Whole body

Bone

Lung

Nearest resident with
ingestion pathway
(2.7 km SE)

Whole body

Bone

Lung

Town of Moab
(5 km SE)

Whole body

Bone

Lung

0.01

0.2

t3

0.1

3.5

1.2

0.2

1.8

0.2

0.3
5.8

14.5

7.5 x lQ-3

0.3

5.5 x lQ-2

2.0 x lQ-3

3.3 x lQ-2

2.69

8.4 x lO-q

1.3 x lQ-2

l.l

2.0 x 'lQ-2

0.67

0.22

7.8 x IQ-3

0.3

0.1

3.7 x'19-z

0. 34

4'8 x lQ-z

1.5 x lg-z
0.01

1.9 x lQ-z

1.5 x lQ-e 5.6 x lQ-z
5.2 x l9-z 1.1

l.l x 10-2 3.0

6.0 x lQ-t+ 2.4 x lg-z
2.1 , 10-2 0.4

4.0 x 'tQ-3 1.2
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. APPENDIX C-5. FOOD PATTII.IAY - MEAT

Radioisotopes can enter the human body through-the ingestion of meat containing radioactive

materials. Radioisotopes enter the mlat-ingittion paitrway by-direct deposition on' and by

uptake through, the roots of grass used as feed for beef cattle'

The doses calculated were annual dose cormitnents (i.e. the doses integrated for-50 years from

;;; t;;;;r-ing"siion;i be;ii: The dosase wis caliulated on the basis of the fol'lowins

assumpti ons :

. Mi.ll operating period (deposition and contamination period) = 20 years

. Soil densitY = t.5 9/cm3

. Soil depth for miking = top 8 inches (20 cm)

. Total mix'ing-1ayer density thickness = 3p g/cm2

. Weathering-remova'l half-life of deposited radioisotopes = l3 days

. Percentage of deposition total taken up by grass = 30%

. Grass densitY = 440 g/n2

.Averageexposureperiodofgrasspriortobeingconsumedbycattle=90days

. Fraction of year cattle graze on this pasture = 0'5

. Individua'l daily intake of beef by area resident = 250 glday.

The concentration of isotopes in pasture grass resulting from deposition on the soil is estimated

AS:

cru =
c, t Bsu (l )

where:

Cru=concentrationofisotopesfromsoilinthegrass'pCi/S;

Cs = concentration of isotopes on the soil, pCi/m2;

ps = soil surface density = J x lQs g/m2; and

B-.. = the transfer factor given in Table C-5.1 for transfer of lsotopes from soil to grass' pCi/9-
5Y grass/Pci/g-soil.

The expression for the concentration on grasses is:

C"r=8.64x104xW

ps

(2)
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wnere:

Cuu = concentration of isotope in grass from direct deposition, pCi/9;
Cu = concentration of isotope in air, pCi/m3;

lwr = lr + tw = effective removal rate, (6y-1.

D" = grass density = 440 g/n2;'

fu = fraction taken up by grasses, 0.3;

ta = average grass exposure period, 90 days;

Va = deposition velocity, 0.0.| m/sec; and

8.64 x lOq = conversion factor from day to second, sec_day-r.

For a given location and aninal feed consumption pattern, the concentration of isotope in acattle's feed is estimated as:

cf = fp fn cu exP (-r"t.) + (t - to tn) ca exp (-r.tr)
where:

C, = concentration of isotope in the cattle feed, pCi/g;

Cu = Cru * Cuu = concentration of isotope in pasture grass, pCi/g;

fo = fraction of pasture grass in daily feed of grazing animal = r.0;
fn = fraction of the year that cattle graze on pasture = 0.5;
C, = concentration in feed at time of storage, pCi/g = 0.0;

t" = delay time between deposition on pasture grass and consumption by cattle = 0.0; and

t, = delay time between harvest of stored grass and consumption by cattle = 90 days.

The concentrations in beef are then given by:

Cb = Ff R. C, exf (-r"ta) (4)

where:

CO = concentration of isotope in meat, pCi/g;

F, = feed to beef product transfer factor, given in Table C_5.1 , pCi/kg/pCi/Di

R" = animals's rate of feed consumption = 50 kglday for beef cattle; and

tt = transport time from food production to consumption by man = 0.0.

The doses to man resulting from the consumption of meat containing radioactive materials arecalculated on the basis of an ICRP publication on p"*itri6i"'oor.t of internal radiation.3

Table C-5.1. Stable Element Transfer Dataa

(3)

r

I

i
;l

'i

Bru

r, (D/ks)

2.5 x l0-3

3.4 x 'l Q-+

4.2 x |0-3

2.0 x lQ-+

3.I x lg-a

3.4 x l9-2

6.8 x'lQ-2

2.9 x I Q-tr
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